This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


atjhttp  :  //books  .  qooqle  .  com/ 


I 


If  J« 


Rtl 
SSiifl 

H 

Pi 

:5« 


gug 


LlBflARt 


TA 


PROCEEDINGS 


AMERICAN  SOCIETY 


CIVIL   ENGINEEES. 

(INSTITUTED  1852.) 


VOL.    XXIX. 

JANUARY  TO  DECEMBER,  1903. 


NEW  YORK  : 

PUBLISHED     BY     THE     SOCIETY. 


1903. 


Entered  according  to  Act  of  Congress,  by  the  American  Society  of  Civil  Engineer?, 
in  the  Office  of  the  Librarian  of  Congress,  at  Washington. 


Noik.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


INDEX. 


ABERT. 

Abebt,  Sylvantjs  Th Ay eb.— Death  an- 
nounced, 343. 

Accessions  to  the  Library,  15,  82,  106, 
135,  167,  291,  349,  381,  412. 

Adams,  E.  T. — Correspondence  by, 
344. 

Adbt,  John  Seageb.— Elected  a  Junior, 
40. 

Advertisements  in  Proceedings.—  Re- 
port of  Committee  on  Discontinu- 
ance of,  159. 

Albbbtson,  Chables.—  Elected  a  Mem- 
ber, 374. 

Aldbn,  John  F.— Correspondence  by, 
254. 

Alfred,  Frank  Hooker.— Elected  a 
Member,  192. 

Allan,  A.  G.— Paper  by,  876. 

Allen,  Walter  Hinds.— Elected  an 
Associate  Member,  408. 

Amendment  to  Constitution.  —Text  of, 
36, 48, 195, 211 ;  Discussion  on,  37, 
48, 195, 214;  Appointment  of  Tell, 
ers  to  Canvass  Ballot  for,  99,  373; 
Report  of  Tellers  Appointed  to 
Canvass  Ballot  for,  100,  374. 

Andrews,  D.  M.— Paper  by,  159. 

Announcements,  4,  81,  103,  131,  160, 
289,  346,  378,  410,  441. 

Annual  Convention,  35th. — Appoint- 
ment of  Committee  of  Arrange- 
ments for,  102,  130;  Minutes  of, 
194,  198,  199,  200,  206,  209,  263; 
Programme  of,  283,  285;  Attend- 
ance at,  287. 

Annual  Convention,  36th.— Discussion 
of  Time  and  Place  for,  194,  209; 
Letters  Relating  to  Place  for,  194, 
210,  211;  Time  and  Place  an- 
nounced, 343,  344. 

Annual  Meeting.— Minutes  of,  35,  42; 
Excursions  and  Entertainments 
at,  75;  Attendance  at,  75. 

Anthony,  Chables,  Jr. — Paper  by, 
127. 

Ash,  Dorset.— Elected  an  Associate 
Member,  192. 

Ashbaugh,  Lewis  Eugene.— Elected 
an  Associate  Member,  2. 


ATKINSON. 

Atkinson,  John  B. — On  Nominating 
Committee,  36,  46. 

"  Automatic  Modules  for  Regulating 
the  Speed  of  Filtration,"  pre- 
sented, 127. 

Avkrlll,  Frank  Lloyd.— Elected  a 
Member,  158. 

Atoock,  Chables  B.— Address  by,  200. 

Baker,  M.  N.— Discussion  by,  1. 
Baker,  Shirley.— Elected  an  Associ- 
ate Member,  192. 
Baker,   W.   E.  —Correspondence  by, 

232. 
Balch,   William  Hoyt.— Elected  an 

Associate  Member,  128. 
Baldwin,  W.  J.— Discussion  by,  1. 
Ball,  Charles  B.— Discussion  by,  1. 
Bamfobd,  William  Bbokaw. — Elected 

a  Junior,  193. 
Bandy,  Jambs  Marcus.— Elected   an 

Associate  Member,  39. 
Bantel,  Edward  Christian  Henry. — 

Elected  an  Associate  Member,  39. 
Barney,  S.  E.—  Resignation  accepted, 

3. 
Babbioxb,  John  Walker,  Jr.— Death 

announced,  41. 
Bartoocini,  Astolfo. — Elected  an  As- 
sociate Member,  158. 
Basskll,  Burr. —Elected  a  Member, 

408. 
Bassbtt,    Robert    Jay. — Elected    a 

Junior,  40. 
Bayliss,   John  Yancey.— Elected  an 

Associate  Member,  342. 
Beach,   James    George.— Elected  an 

Associate  Member,  342. 
Becker,     Sylvanus     A.— Elected     a 

Junior,  439. 
Beerbower,     George     Marshall.— 

Eleoted    an    Associate    Member, 

375. 
Bellinger,  L.  F.— Correspondence  by, 

376. 
Belt  aire,  Mark  Anthony,  Jr.— Elected 

a  Junior,  128. 
Belznbb,  Theodobe.— Discussion  by, 

101. 


17°<67<) 


IV 


BENNETT. 

Bennett,      Frederick      Wagoner.— 

Elected  a  Member,  374. 
Benzsnbebg,  GeobgeH. — Correspond- 
ence by,  254. 
Bbrle,    Kobt. — Elected    a    Member, 

408. 
Bebnegau,  Rudolf  Caspar  Carl  Ma- 
rie.— Elected  an  Associate,  40. 

Bienxnfeld,  Bernard.  —  Elected  a 
Member,  158. 

Blaokwbll,  F.  O.—  Discussion  by, 
99. 

Board  of  Direction. —Report  of,  5,  42; 
Resolutions  Relative  to  tbe  Joint 
Engineering  Building,  198,  226. 

Bogart,  John.— Correspondence  by, 
232. 

Boller,  Alfred  P.— Correspondence 
by,  233,  243. 

Bond,  Edward  A.— On  Nominating 
Committee,  36,  45. 

Bond,  Frederick  Winn.— Death  an- 
nounced, 343. 

Borland,  Bruce.— Elected  a  Junior, 
101. 

Bosler,  Harrt  Sherman.— Elected  a 
Member,  39. 

Bouscaren,  L.  F.  G.— Presents  Report 
of  Committee  on  Rail  Sections, 
36, 43;  Elected  Vice  President,  37, 
72;  On  Committee  on  Interna- 
tional Engineering  Congress,  344, 
348. 

Bowker,  Willard  Lewis.  —Elected  a 
Member,  192. 

Bowman,  Joseph  Hockm  an.— Elected 
an  Associate  Member,  438. 

Bradshaw,  Sam  Wigfall.  —Elected  an 
Associate  Member,  39. 

Bba8low,  Barnett.  —Elected  a  Junior, 
408. 

"  Breakwater  at  Buffalo,  New  York, 
The,"  presented  and  discussed, 
439. 

Breckinridge,  William  Lewis. — 
Elected  a  Member,  374. 

Breed,  Charles  Blanet.— Elected  an 
Associate  Member,  158. 

Brower,  Edward  Sylvester.— Elected 
an  Associate  Member,  438. 

Brown,  Baxter  Lamont. — Elected  a 
Member,  128. 

Brown,  Edward  Do  Bois.  —Elected  a 
Member,  192. 

Bbown,  L.  W. — Correspondence  by, 
202. 

Brown,  Le  Grand.— Correspondence 
by,  254. 

Brown,  Maurice  Fritchley.— Elected 
an  Associate  Member,  100. 


BRYAN. 

Bryan,  Charles  Walter. — Elected  n 

Member,  192. 
Bbynn,  Per.  —  Elected   an   Associate 

Member.  39. 
Buck,     L.     L.— Correspondence     by, 

233. 
Buckley,  E.  R.  —  Correspondence  by, 

376. 
Bunau-Varilla,    P. — Discussion    by, 

41. 
Burden,  James.— Correspondence  by, 

194,  217. 
Burdett,      Frederick     Anderson. — 

Elected  a  Member,  374. 
Burgess,  George  Heckman. — Elected 

an  Associate  Member,  192. 
Burgoyne,  John  Henry,  Jr. — Elected 

a  Junior,  343. 
Burr,  W.  H.—  Discussion  by,  41. 
Butts,  Edward  Pontany.— Elected  a 

Member,  374. 

Caw,  William.— On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 102. 

Cameron,  Kenneth  Mackenzie. — 
Elected  a  Junior,  375. 

Campbell,  Arthur  Ira.— Elected  an 
Associate  Member,  438. 

Card,  William  Warren. —Death  an- 
nounced, 129. 

Carnegie,  Andrew.— Correspondence 
Relative  to  Joint  Engineering 
Building,  224;  Besolution  of 
Thanks  to,  199,  283. 

Carney,  Edward  Joseph. — Elected  an 
Associate  Member,  128. 

Carpenter,  Allan  Wadsworth. — 
Elected  an  Associate  Member, 
128. 

Carr,  Albert. —Elected  a  Member, 
374. 

Cartwbioht,  Robert.— Correspond- 
ence by,  253. 

Castellanos,  CfcsAR.—  Elected  a  Ju- 
nior, 375. 

Catt,  George  W.— Motion  by,  198, 
203,  226;  On  Committee  to  Draft 
Resolutions  of  Thanks  at  Annual 
Convention,  203. 

Cement. —Report    of    Committee   on 
Uniform  Tests  of,  36,  42. 

Chadbourne,  Edward  Mebbiman.— 
Eleoted  a  Junior,  408. 

Chambers,  Frank  Taylor.— Elected  a 
Member,  100,  102. 

Chanute,  Octave. — Correspondence 
by,  245. 

Chapin,  L.  E.— On  Nominating  Com- 
mittee, 36,  46. 


CHURCH. 


CONNICK. 


Church,  Irving  P.— Correspondence 
by,  157.     • 

Clark,  John  Howard.  —  Elected  a 
Member,  408. 

Clarke,  Gboroe  Calbraith.  —Elected 
a  Member,  192. 

Class,  Charles  Frank.  —  Elected  a 
Junior,  101. 

Clausnitzer,  John.— Elected  a  Junior, 
101. 

Clement,  Victor  M.  —  Death  an- 
nounced,  159. 

Cohen,  Mendes. — Correspondence  by, 
241. 

Colby,  Albert  Ladd.  —  Elected  a 
Member,  374. 

Cole,  William  Weeden.— Elected  a 
Member,  374. 

Coleman,  Frederick  Albert.— Trans- 
ferred  to  Grade  of  Member,  438. 

Collinowood,  Francis. — Correspond- 
ence by,  248. 

Colling  wood  Prize.— New  Rule  Gov- 
erning the  Award  of,  130. 

Committee  of  Arrangements  for  An- 
nual Convention .  —Appointment 
of,  102,  130. 

Committee  on  Concrete-Steel. — Reso- 
lution relating  to  the  Appoint- 
ment of,  203,341,  342. 

Committee  on  Discontinuance  of  Ad- 
vertisements in  Proceedings.  — 
Report  of,  159. 

Committee  on  International  Engineer- 
ing Congress.— Appointment  of, 
344,  348;  Report  of ,  440. 

Committee  on  Joint  Engineering 
Building. —Resolutions  by,  205, 
224,  345;  Report  of,  345,  409. 

Committee  on  Memoir  of  Alphonse 
Fteley.— Appointment  of,  377. 

Committee  on  Memoir  of  George  8. 
Morison. — Appointment  of,  377. 

Committee  on  Nominations. — Elec- 
tion of,  36,  43;  Presents  List  of 
Nominees,  345.  380. 

Committee  on  Rail  Sections. — Report 
of,  36,  43. 

Committee  on  Uniform  Tests  of  Ce- 
ment.—Report  of,  36,  42. 

Committee  to  Draft  Resolutions  of 
Thanks  at  Annual  Convention.— 
Appointment  of,  203. 

Committee  to  Recommend  the  Award 
of  Prizes.— Report  of,  3,  36,  47; 
Appointment  of,  345. 

Concrete-Steel . — Resolut  ion  relating 
to  the  Appointment  of  Special 
Committee  on,  203,  341,  342. 

Cokdron,  T.  L.-  Discussion  by,  203. 


Connick,  Harris  Db  Haven.— Elected 
an  Assooiate  Member,  39. 

Connor,  William  Dub  ward.—  Elected 
an  Associate  Member,  2. 

Constitution.  —  Text  of  Proposed 
Amendment  to,  36,  48,  195,  211; 
Discussion  on  Proposed  Amend  • 
ment  to,  37,  48,  195,  214;  Ap- 
pointment of  Tellers  to  Canvass 
Ballot  for  Proposed  Amendment 
to,  99,  373;  Report  of  Tellers  Ap- 
pointed to  Canvass  Ballot  for 
Proposed  Amendment  to,  100, 
374. 

Cooper,  Kenneth  Farra.—  Elected  a 
Junior,  375. 

Corrt,  Thomas  Avert.  —  Elected  a 
Member,  158. 

Cortbell,  E.  L. — Correspondence  by, 
234;  On  Committee  on  Interna- 
tional Engineering  Congress,  344, 
348;  Address  by,  374;  Discussion 
by,  347. 

Cotton,  Miles  Penner. — Elected  a 
Junior,  375. 

Craiqhill,  William  P.— On  Commit- 
tee on  International  Engineering 
Congress,  344,  348. 

Crane,  W.  E.— Discussion  by,  41. 

Craven,  Alfred.— Elected  a  Director, 
38,  72. 

Cresswell,  Hebbert  Augustine.  — 
Elected  an  Associate  Member, 
375. 

Crew,  Charlkr  Corwin.— Elected  an 
Associate  Member,  128. 

Croes,  J.  J.  R.-  Discussion  by,  202; 
Motion  by,  194,  215. 

Crook,  John  Anthony. — Elected  a 
Junior,  40. 

Crowell,  Foster.  — Discussion  by ,  1 57 ; 
Correspondence  by,  233. 

Cummings,  Elmore  David. —Elected 
an  Associate  Member,  408. 

Cunningham,  Edward.— Correspond- 
ence by,  203. 

Cunningham,  John  Miller. —Elected 
an  Associate  Member,  375. 

Cunningham,  Max  Lee. — Elected  a 
Junior,  193. 

Current  Engineering  Literature,  21, 
88,  114,  145,  179,  309,  358,  392, 
423,  448. 

Curtis,  F.  S.—  Nominated  as  Vice- 
President,  380. 

Cushing,  Robert  Delano.— Death  an- 
nounced, 344. 

Dakin,  Albert  Harlow,  Jr.— Elected 
a  Member,  128. 


VI 


DANA. 

Dana.,  Richard  Turner. —Elected  an 
Associate  Member,  39;  Paper  by, 
191;  Discussion  by,  191. 

Darling,  Fred  Steeee.— Elected  a 
Member,  374. 

Dart,  Carlton  Rollin.— Elected  a 
Member,  158. 

Datesman,  George  Elvin.— Elected  a 
Member,  39. 

Dauohy,  Walter  Edward.— Elected  a 
Member,  408. 

Davidson,  Theodobe  F.— Address  by, 
194.  206. 

Davis  John  Rose  Wilson.— Elected  a 
Member,  408. 

Davis,  Joseph  P. — Correspondence 
by,  248;  On  Committee  to  Prepare 
Memoir  ot  Alphonse  Fteley,  377. 

Davison,  George  S.— Elected  a  Di- 
rector, 38,  72;  Motion  by,  198. 

Dawley,  E.  P.  —  On  Committee  to 
Recommend  the  Award  of  Prizes, 
345. 

Dat,  Edward  Bliss. — Elected  an  As- 
sociate Member,  39. 

11  Deflections  of  Beams  with  Variable 
Moments  of  Inertia,"  presented 
and  discussed,  157. 

"Description  of  Coos  Bay,  Oregon, 
and  the  Improvement  of  its 
Entrance  by  the  Government," 
awarded  the  Thomas  Fitch  Row- 
land Prize,  3,  36,  47. 

Desirable  Method  of  Dredging  Chan- 
nels through  River  Bars,  A,"  pre- 
sented and  discussed,  437. 

de  Vou,  James  Laird.  —  Elected  an 
Associate  Member.  128. 

Deto,  8.  L.  F.— Nominated  as  Vice 
President,  380. 

Diamant,  Arthur  Herbert.— Elected 
a  Junior,  159. 

Dixon,  Charles  Young. — Elected  a 
Member,  408. 

"  Dock  Improvements  at  Liverpool," 
presented  and  discussed,  409. 

Doerfltng,Richard  George.— Elected 
an  Associate  Member,  192. 

Doty,  John  Williams.  —  Elected  a 
Junior,  408. 

Dougherty,  Richard  Erwin.— Elected 
a  Junior,  2. 

Drew,  Charles  Davis.— Elected  an 
Associate  Member,  375. 

Duller,  David  Mark.  —  Elected  a 
Junior,  375. 

Dunham,  Charles  Frederick.— Death 
announced,  343. 

Dunham,  Lewis  Augustus.— Elected  a 
Member,  192, 


DYER. 

Dyke,  Arthur  James.  —  Elected  a 
Member,  39, 

4 '  Economic  Improvement  of  the  Coosa 
and  Alabama  Rivers,  in  Georgia 
and  Alabama,  The,"  presented 
and  discussed,  159. 

Ehle,  Boyd.— Discussion  by,  41. 

Eld,  Charles  John,  Jr.— Elected  an 
Associate  Member,  158. 

Ellis,  John  W.— Nominated  as  Di- 
rector, 380. 

Emmons,  Charles  Morton. — Elected 
a  Member,  128. 

Endicott,  M.  T.— On  Committee  on 
International  Engineering  Cong- 
ress, 344,  348. 

Eno,  Frank  Harvey.  —  Elected  a 
Member,  100. 

Ewen,  John  Meiggs.  —  Elected  a 
Member,  192. 

Excursions  and  Entertainments  at 
Annual  Meeting,  75. 

44  Experimental  Study  of  the  Resist- 
ances to  the  Flow  of  Water  in 
Pipes,  An,"  presented  and  dis- 
cussed, 342. 

"Experiments  at  Detroit,  Michigan, 
on  the  Effect  of  Curvature  upon 
the  Flow  of  Water  in  Pipes," 
awarded  the  Norman  Medal,  3, 
36,  47. 

Fargusson,  Mark.— Resignation  ac- 
cepted, 3.  l 

•«  Fatigue  of  Cement  Products,  The," 
presented  and  discussed,  376. 

Faucette,  William  Dollison. — 
Elected  a  Junior,  2. 

Feeter,  Silas  Stewart.— Elected  a 
Junior,  343. 

Feldman,  Max.-  Elected  a  Junior,  2. 

Fell,  George  E.  —  Correspondence 
by,  439. 

Fenkell,  George  H.—  Awarded  the 
Norman  Medal,  3,  36.  47. 

Ferguson,  William  Hastings.  — 
Elected  an  Associate  Member,  2. 

Fernow,  Rossiter  Raymond.— Elected 
a  Junior,  101. 

Fetherston,  John  Turney. — Elected 
an  Associate  Member,  192. 

Field,  Frederick  Elbert.— Elected 
an  Associate  Member,  375. 

«•  Filtration  for  Public  Water  Supplies, 
with  Especial  Reference  to  the 
Double  Filtration  Plant  at  Bre- 
men, Germany,"  presented  and 
discussed,  407. 


VII 


FILTRATION. 

4t  Filtration  Works  of  the  East  Jersey 
Water  Company,  at  Little  Falls, 
New  Jersey,  The,"  presented  and 
discussed,  127. 

Fxnley,  William  Benbt.— Elected  a 
Member,  39. 

Fisher,  E.  A. — Correspondence  by, 
254. 

Fishbb.  Samuel  Brownlbe.— Elected 
a* Member,  374. 

Fitch,  Graham  Denby. — Elected  a 
Member,  39. 

Flamant,  A.  —  Correspondence  by, 
342. 

Flynn.  Benjamin  Harbison. — Death 
announced,  101. 

Ford,  William  Haydbn. — Elected  an 
Associate  Member,  192. 

Foroib,  James. — Correspondence  by, 
38. 

Fobs,  Fred  Euobne  —Elected  a  Mem- 
ber, 128. 

Fobs.  John  Harrison. — Elected  a 
Junior,  439. 

Foster,  Ernest  Howard.— Elected  a 
Member,  168. 

Foster,  Wilbur  F. — On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 102. 

Fowler,  Charles  E. — Correspond- 
ence by,  101. 

Fowler,  Thomas  Walker.— Elected  a 
Member,  438. 

Fox,  Charles  Louis.  —  Elected  a 
Junior,  159. 

Francis,  D.  R.— Letter  from,  Relating 
to  PJacefor  Holding  Annual  Con- 
vention, 194,  210. 

Frank,  George  W.— On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 102. 

Franklin,  Benjamin.— Elected  an  As- 
sociate Member,  128. 

Franklin,  William  Bubl.— Death  an- 
nonnced,  101. 

Frasbr,  Charles  Edward.— Elected 
an  Associate  Member,  342. 

Fraztbr,  James  Welch.- Elected  an 
Associate  Member,  158. 

Fbench,  Owen  Beet.  —  Elected  a 
Member,  128. 

Fritz,  John.— Correspondence  by,  232. 

Frost,  George  Sherman.— Elected  an 
Associate  Member,  2. 

Ftblbt,  Alphonse. — Correspondence 
by,  233;  Death  announced,  343; 
Appointment  of  Committee  on 
Memoir  of,  377. 

Fuebtes,  Estevan  Antonio.— Death 
announced,  40. 


FUJINO. 

Fujino,  Shukichi.— Elected  a  Junior, 

40. 
Fuller,  George  W.— Paper  by,  127; 

Discussion  by,  127,  408. 
Fuller,  William  B.— Discussion  by, 

127,  408. 

Gabtensteig,  Charles. — Elected  an 
Associate  Member,  158. 

Gast,  E.  Albert. — Elected  a  Junior, 
375. 

Gat,  Robert  Walter.  —  Elected  a 
Junior,  375. 

George,  Hugh  Melvtn.— Elected  a 
Junior,  40. 

Gebber,  E.— On  Committee  to  Pre- 
pare Memoir  of  George  S.  Mori- 
son.  377. 

Gerry,  M.  H.,  Jr.— Paper  by,  99. 

Gitford,  Robert  Ladd. — Elected  an 
Associate  Member,  158. 

Gilman,  Charles  Edward. — Elected 
a  Junior,  375. 

Glazier,  William  Leonard. — Elected 
an  Associate  Member,  375. 

Goetze,  Eugen.— Paper  by,  407. 

Goodell,  J.  M  —Discussion  by,  157. 

Goodman,  E.  H.  —  Resignation  ac- 
cepted, 102. 

Gordon,  John  Blake. — Elected  a 
Junior,  439. 

Gormlbt,  Walter  Bruce.— Resigna- 
tion accepted,  130. 

Gowen,  Charles  8. — On  Committee 
to  Prepare  Memoir  of  Alphonse 
Fteley,  377;  Nominated  as  Direc- 
tor, 380. 

Granbert,  Julian  Hastings. —Elected 
an  Associate  Member,  342. 

Grant,  Justus  Herbbbt.  —  Corre- 
spondence by,  254. 

Gray,  Samuel  M.-  Correspondence 
by,  251. 

Green,  Bebnabd  R.—  Discussion  by, 
202;  On  Committee  to  Draft 
Resolutions  of  Thanks  at  Annual 
Convention,  203;  Correspondence 
by,  233. 

Green,  Charles  Newton.— Elected 
an  Associate  Member,  192. 

Green,  Hubert  Edward.— Elected  a 
Member,  438. 

Greene,  Charles  Ezra. — On  Commit- 
tee to  Recommend  the  Award  of 
Prizes,  345;  Death  announced, 
376. 

Greene,  Edward  Appleton.— Death 
announced,  159. 

Greene,  George  S.,  Jr.— Correspond- 
ence by,  241. 


VIII 


GREGORY 

Gbegoby,  John  fl. — Discussion  by, 
408. 

Gbibwold>  Habbt  Todd.— Elected  a 
Junior,  375. 

Guild,  J.  C.  —  On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 130. 

Gtjbnee,  Wai/tkb  S.  —  Death  an- 
nounced, 159. 

Haehl,  Habbt  Lewis.  —  Elected  a 
Junior,  376. 

Haight,  Hobace  De  Reheb.— Elected 
an  Associate  Member,  39. 

Haines,  Henbt  S.— Motion  by,  198; 
On  Committee  to  Draft  Resolu- 
tions of  Thanks  at  Annual  Con- 
vention, 203;  On  Committee  on 
International  Engineering  Con- 
gress, 344,  348. 

Hall,  Chables  Romnbt.— Elected  an 
Associate  Member,  2. 

Hamlin,  William  Eliot.— Elected  an 
Associate  Member,  438. 

Hancock,  Henbt  Sydney,  Jr.— Elected 
a  Junior,  375. 

Hanxinson,  Albebt  Wobthtngton. — 
Elected  an  Associate  Member, 
375. 

Hanna,  Walteb  Scott.— Elected  a 
Junior,  375. 

Hansel,  Chables.— Motion  by,  199, 
283. 

Habahan,  William  Johnson.— Elected 
a  Member,  374. 

Habby,  Isaac. — Elected  an  Associate 
Member,  158. 

Habdaway,  Benjamin  Hurt. — Elected 
a  Member,  374. 

Habdy,  George  Richardson. — Death 
announced,  159. 

Habpeb,  Austin  Cubtin. — Elected  an 
Associate  Member,  2. 

Harps,  Habby  Macy.  —  Elected  a 
Junior,  101. 

Habbinoton,  F.  F.— Appointed  Teller 
to  Canvass  Ballot  on  Proposed 
Amendment  to  Constitution,  99, 
373. 

Habbinoton,  John  Lyle. — Transferred 
to  Grade  of  Member,  438. 

Harris,  Elmo  G. — Paper  by,  344. 

Habbison,  C.  L.— Discussion  by,  41, 
127. 

Habbod,  Benjamin  M.— Motion  by, 
198;  Discussion  by,  202;  On  Com- 
mittee on  International  Engineer- 
ing Congress,  344,  348. 

Habttgan,  Frederick  Lawrence. — 
Elected  an  Associate  Member,  158. 


HARTS. 

Harts,    William    W. — Awarded    the 

Thomas  Fitch  Rowland  Prize,  3, 

36, 47. 
Hatt,   W.    K.— Diacu§sion    by,    200, 

202. 
Haupt,    Lewis   M.— Correspondence 

by,  202. 
Hausman,       Frederick       Appel.  — 

Elected  a  Junior,  40. 
Hawssley,      Kenneth     Phipson.  — 

Elected  a  Member,  158. 
Hayes,   Geoboe  Samuel.— Elected   a 

Member,  342. 
Hayes,   Moboan  Dodge.— Elected  un 

Associate  Member,  128. 
Hays,    Don.  —  Elected   an    Associate 

Member,  158. 
Hazen,   Allen.— Discussion  by,  127, 

344,     408;    Correspondence     by, 

342. 
Hazlehubst,  J.  N.— On  Committee  of 

Arrangements  for    Annual  Con- 
vention, 130. 
Hsnost,    Robert    Graham.— Elected 

an  Associate  Member,  375. 
Henny,  D.  C— On  Nominating  Com- 
mittee, 36,  47. 
Hebing,  Rudolph.— Discussion  by,  1, 

127;     Correspondence    by,    200, 

255,  437;  Presents  Paper,  407. 
Hebmany,  Chables. — Correspondence 

by,  249;  Nominated  as  President, 

380. 
Hewitt,  Abbam  8. — Resolution  Rela- 
tive to  the  Death  o£  37,  70. 
"  High- Voltage  Power  Transmission, 

A,"    presented    and     discussed, 

99. 
Hill,  George. — Discussion  by,  39. 
Htxlyeb,   William  Ross. — Elected  a 

Member,  158. 
Htndes,  Stetson  George. — Elected  a 

Member,  192. 
Hodoe,   H.  W.— Correspondence  bv, 

203,  233. 
Hodges,    Habby    Foote.— Elected   a 

Member,  100. 

HOLLYDAY,      RlGHABD      CaBMICHAEL.— 

Elected  a  Member,  342. 
Holman,   M.  L.— On  Committee  on 

International    Engineering  Con- 
gress, 344,  348. 
Holmes,  Edwin  Mebbitt.— Elected  a 

Junior,  128. 
Holmeh,  Howard  Carleton. — Elected 

a  Member,  408. 
Horn,  Frank  Churchill. — Elected  a 

Member,  343,  344. 
Hobton,   Theodore. — Discussion  bv, 

1. 


IX 


HOUGH. 

Hough,  D.  L. — Correspondence  by, 
232. 

Howe,  Geoegk  Ed wabd.— Elected  an 
Associate  Member,  100. 

Hows,  H.  J.— Discussion  bv,  437. 

Hows,  Joseph  Milton. — Elected  an 
Associate  Member,  39. 

Howe,  W.  B.  W.— On  Committee  of 
Anangements  for  Annual  Con- 
vention, 102. 

Hott,  Henry  Perez.  —  Elected  a 
Junior,  376. 

Hott,  William  E.— Correspondence 
by,  254. 

Hubbell,  Clarence  W.— Awarded  the 
Norman  Medal,  3,  36,  47. 

Hudson,  C.  W.— Paper  by,  157. 

Hunt,  Charles  Warren.  — Elected 
Secretary,  41;  On  Committee  on 
International  Engineering  Con- 
gress, 344,  348. 

Hunt,  Loren  Edward.— Elected  an 
Associate  Member,  192. 

Hunt,  Robert  W.-  On  Committee  on 
International  Engineering  Con- 
gress, 344,  348. 

Hyatt,  Caleb.— Elected  a  Junior, 
101. 


Ilslby,  Arthur  Benjamin.— Elected 
an  Associate  Member,  100. 

"In  the  Treatment  of  the  Mississippi 
Hirer,  is  the  Levee  Theory  Justi- 
fied by  Experience?  "  discussed, 
202. 

"In  View  of  the  Increasing  Weights 
of  Boiling  Stock,  for  what  Load- 
ings should  Railroad  Bridges  be 
Designed?"  discussed,  203. 

International  Engineering  Congress. 
—Resolution  Relative  to,  37,  71; 
Time  and  Place  announced,  343; 
Appointment  of  Committee  on, 
344,  348;  Report  of  Committee 
on,  440. 

"Investigation  of  the  Properties  of 
Brick  Under  Different  Physical 
Conditions,  An"  presented  and 
discussed,  129. 

Ireland,  Mark  Lobin. — Elected  a 
Junior,  376. 

Iron  and  Steel  Institute. — Appoint- 
ment of  Honorary  Members  of 
the  American  Reception  Commit- 
tee of,  377. 

"Is  it  Possible  to  make  Concrete 
which  will  be  Impervious  to  Wa- 
ter? If  so,  what  is  the  best 
Method?  "  discussed,  202. 


JABELONSKY. 

Jabelonsxy,  Carl  Hugo  —Elected  a 
Junior,  343. 

Jackson,  John  F.— Ad  dress  by,  191. 

Jackson,  William. — On  Committee 
to  Prepare  Memoir  of  Alphonse 
Fteley,  377. 

Jackson,  William  Benjamin.— Elected 
a  Member,  100. 

Jaudon,  Henry  Scuddeb. — Elected  an 
Associate  Member,  39. 

Johnson,  A.  L.— Discussion  by,  200; 
Correspondence  by,  376. 

Johnson,  Arthur  Newhall. — Elected 
an  Associate  Member,  342. 

Johnson,  Chapman  Love.— Elected  a 
Member,  374. 

Johnson,  Francis  Robert,— Paper  by, 
373. 

Joint  Engineering  Building.—  Discus- 
sion on,  198,  226,  264;  Resolu- 
tions of  the  Board  of  Direction 
Relative  to  the,  198,  226;  Resolu- 
tions of  the  Conference  Commit- 
tee Relative  to  the,  205,  224;  Re- 
port of  Conference  Committee  on, 
345,  409. 

Jonah,  Frank  Gilbert. — Elected  a 
Member,  408. 

Jones,  Benjamin  Franklin. — Death 
announced,  193. 

Jordan,  Willis  Robebt.— Elected  a 
Junior,  376. 

Just,  George  A.— Discussion  by,  39; 
Correspondence  by,  233. 

Kautfman,  Vernet  Albert. — Elected 

a  Junior,  40. 
Keeper,  Thomas  C. — Correspondence 

by,  244. 
Keene,  Claude  Eagleson.— Elected  a 

Junior,  376. 
Keller,     Otto  Balthazar. — Elected 

an  Associate,  40. 
Kellet,    James    Augustus.— Elected 

an  Associate  Member,  342. 
Kempket,    Augustus,  Jr.— Elected  a 

Junior,  128. 
Eenlet,  W.  W. — Discussion  by,  39. 
Kenton,   George   Cecil.— Paper  by, 

409. 
Khuen,   Richard,  Jr.— On  Nominat- 
ing Committee,  36,  45. 
Kiersted,  W*NKOOP.--On  Committee 

to    Recommend    the    Award    of 

Prizes,  345;  Correspondence  by, 

407. 
Kimball,  Frank  Clifton. — Elected  a 

Member,  192. 
Kimball,  William  Hale. — Elected  an 

Associate  Member,  128. 


KNAP. 


LITTLE. 


Knap,  Joseph  M.— Elected  Treasurer, 
38,  72;  Nominated  as  Treasurer, 
380;  On  Committee  on  Interna- 
tional Engineering  Congress,  344, 
348. 

Knapp,  Hermann  Meriwether.— 
Elected  an  Associate  Member,  158. 

Knowles,  Morris.— Elected  a  Mem- 
ber, 128;  Discussion  by,  407. 

Knowlton,  Charles  Andrews. — Death 
announced,  129. 

Kolb,  Henry  Jacob. — Elected  a 
Junior,  40. 

Kuiohlino,  Emil. — Correspondence 
by,  233. 

Kummeb,  Frederic  Arnold. — Elected 
an  Associate  Member,  100. 

Lanza,  Gaetano.— Correspondence  by, 
200. 

Larsson,  Carl  Gustaf  Emil. — Elected 
a  Member,  128. 

Latham,  Norman  Smith. — Death  an- 
nounced. 409. 

Law,  Arthur  Price. — Elected  an  As- 
sociate Member,  192. 

Lawson,  Thomas  R. — Elected  an  As- 
sociate Member,  192. 

Lea,  Samuel  H. — Discussion  by,  157; 
Correspondence  by,  376. 

Leavenworth,  George  Stevens. — 
Elected  an  Associate  Member,  192. 

Lee,  Enobert  A.— Elected  an  Associ- 
ate Member,  375. 

Leland,  W.  A.— On  Committee  of 
Arrangements  for  Annual  Conven- 
tion, 130. 

Lesley,  R.  W. —Discussion  by,  202. 

Lewinson,  M. — Correspondence  by, 
233* 

Lewis,  Clifford,  Jr.— Elected  an  As- 
sociate Member,  342. 

Lewis,  E.  C— Elected  a  Director,  38, 
72. 

Lewis,  Myron  H. — Resignation  ac- 
cepted, 3. 

Lewis,  N.  P. — Nominated  as  Director, 
380. 

Libby,  Edmund  Dobman. — Death  an- 
nounced, 159. 

Library.— Accessions  to  the,  15,  82, 
106,  136,   167,  291,  349,  381,  412. 

Luxich,  Joseph  Thomas.— Elected  a 
Junior    408. 

Lilly,  George  W. — Paper  by,  101; 
Discussion  by,  101. 

Lindsey,  John  Brown,  Jr. — Elected 
an  Associate  Member,  192. 

List,  Charles. — Elected  a  Member, 
192. 


Little,  George  Kerr. — Elected  an 
Associate  Member,  192. 

Loos,  Moses  Jerome. —Elected  an  As- 
sociate Member,  158. 

Loomis,  Thomas  Hooker.— Elected  a 
Member,  2. 

Louisiana  Purchase  Exposition. — 
Resolution  Relative  to  the  Inter- 
national Congress  of  Engineering 
at  the,  37,  71. 

Low,  Emile.— Correspondence  by, 
376;  Paper  by,  439. 

Lowtnson,  Oscar.— Discussion  by,  39, 
202. 

Ludlow,  J.  L. — On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 102;  Presides  at  Meet- 
ing, 194,  206. 

Lyle,  William  T.— Correspondence 
by,  439. 

MacDon ald,  Charles.  —  Correspond- 
ence by,  232,  252;  Appointed  as 
Honorary  Member  of  tne  Ameri- 
can Reception  Committee  of  the 
Iron  and  Steel  Institute,  377. 

MaoGregor,  John.— Elected  an  Asso- 
ciate, 193. 

MaoGregor,  John  Grant. — Elected 
an  Associate  Member,  192. 

MaoGregor,  R.  A.— Appointed  Teller 
to  Canvass  Vote  on  Proposed 
Amendment  to  Constitution,  99. 

MoHarg,  William  Stores.— Elected  a 
Member,  438. 

Mackenzie,  A.— Correspondence  by, 
233. 

Macy,  Elbert  Clyde. — Elected  an 
Associate  Member,  342. 

McCaustland,  E.  J.— Correspondence 
by,  129. 

McCltntook,  J.  Y.— Correspondence 
by,  254. 

McConnel,  Wilfred  Gillette.— 
Elected  a  Member,  192. 

McCoy,  Charles  Ephraim. — Elected 
an  Associate  Member,  192. 

McCrory,  Sol. — Elected  a  Junior, 
376. 

McCulloh,  Ernest. — Elected  a  Mem- 
ber,  158. 

McDonald,  Hunter. — Elected  a  Di- 
rector, 38,  72. 

MoFetridge,  William  Sutton.— 
Elected  anAs-ioeiate  Member,  100. 

McKay,  George  Albert.  —Elected  an 
Associate  Member,  39. 

MoEee,  J.  R. — Discussion  by,  99. 

McKtnney,  R.  C. — Resignation  ac- 
cepted, 3. 


XI 


McLEAN. 

McLean,  Archibald. — Elected  a  Mem- 
ber, 158. 

MoNeal,  John,  Jr.— Elected  a  Mem- 
ber, 438. 

McNulty,  Gbobob  W.— Correspond- 
ence by,  233.' 

Maionen,  J.  P.  A. —Discussion  by, 
127,  408. 

Manahan,  Elmer  Gove.—  Elected  an 
Associate  Member,  375. 

Mabston,  Anson.— Elecied  a  Member, 
374. 

Mabtin,  Chable8  Cyril.— Death  an- 
nounced, 343. 

Mabtin,  Kingsley  Levebich.  —Trans- 
ferred to  Grade  of  Member, 
438. 

Mabtin,  William.— Elected  a  Mem- 
ber, 2. 

Marx,  Charles  D. — Nominated  as 
Director,  380. 

Mason,  Francis.— Elected  an  Asso- 
ciate Member,  128. 

Matheson,  Donald  Alexandbb. — 
Elected  a  Member,  374. 

Matheson,  John  Douglas  — Elected  a 
Junior,  101. 

Maximoff,  Sebgius  Pavlovttch.  — 
Elected  an  Associate  Member, 
128;  Paper  by,  437. 

Mead,  Elwood.— Elected  a  Director, 
38,  72. 

Meigs,  M.— Correspondence  by,  40. 

Melville,  George  W.—  Correspond- 
ence by,  233. 

Membership.— Additions,  19,  85,  109, 
140,  173,  299,  354,  386,  418,  446; 
Changes  of  Address,  110, 141,  175, 
302,  355,  3H8,  419 ;  Deaths,  87, 
113,  144,  178,  308,  357,  391,  422; 
Resignations,  20,  87,  113,  144, 
178. 

Mebbiman,  Mansfield.  —  Discussion 
by,  157. 

Metcalf,  Leonard. — Elected  a  Mem- 
ber, 342. 

Metcalf,  William.— Correspondence 
by,  233, 246;  Appointed  as  Honor- 
ary Member  of  the  American  Re- 
ception Committee  of  the  Iron 
and  Steel  Institute,  377  ;  On  Com- 
mittee on  International  Engineer- 
ing Congress,  344,  348. 

Meyers,  Clarence  William. — Elected 
a  Junior,  343. 

Miller,  Edward  Fubbeb.— Elected  a 
Member,  192. 

Miller,  Geobge  Soteb. — Elected  an 
Associate  Member,  128. 


MILLER. 

Miller,  J.  Imbbie.— On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 102. 

Miller,  Rudolph  P. — Discussion  by, 
.  39. 

Mills,  Hiram  F.  —  Correspondence 
by,  342. 

Mines,  James  Henry.  —  Elected  a 
Junior,  128. 

Minutes  of  Annual  Meeting,  35,  42. 

Minutes  of  Meetings  of  the  Board  of 
Direotion,  2,  41,  102, 130, 159, 205, 
344,  377,  409,  440. 

Minutes  of  Meetings  of  the  Society, 
1,  2,  35,  38,  40,  99,  101,  127,  129, 
157,  169,  191,  194,  198,  199,  200, 
206,  209,  263,  341,  344,  373,  376, 
407,  409,  437,  439. 

Mitchell,  Samuel  Phillips. —Elected 
a  Member,  128;  Paper  by,  344. 

Mobeblt,  Fbank. — Elected  a  Member, 
374. 

Modjeski,  Ralph. — Nominated  as  Di- 
rector, 380. 

Mogen8en,  Olaf  Einab.— Elected  a 
Member,  342. 

Moncube,  William. —On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 102. 

Monsabbat,  Nicholas  Daubeney. — 
Elected  an  Associate  Member, 
342. 

Montgomery,  J.  A.— On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 102. 

Monthly  List  of  Recent  Engineering 
Articles  of  Interest,  21,  88,  114, 
145,  179,  309,  358,  392,  423,  448. 

Moore,  Egbert  Jessup. — Elected  a 
Junior,  129. 

Moobe,  Robert. — Presides  at  Meeting, 
36,  42;  Correspondence  by,  38, 
74,  246,  247. 

Moban,  D.  E.— Discussion  by,  437. 

Mobison,  Geobge  Shattuck.— Offers 
Resolution,  37;  Paper  by,  40; 
Discussion  by,  41;  Death  an- 
nounced, 343;  Appointment  of 
Committee  on  Memoir  of,  377. 

MoBBis,  Henry  G.— Correspondence 
by,  242. 

Mobse,  Henry  Grant. — Death  an- 
nounced, 193. 

Moss,  Castle  Prentice. — Elected  an 
Associate  Member,  192. 

Mount  Vernon. — Correspondence  Re- 
lating  to  Memorial  Tree  at,  38,  74. 

Mubpht,  Joseph  Edgab.— Elected  an 
Associate  Member,  342. 


XII 


MURRAY. 

Murray,  Charles  Wabrbn.  —Elected 
an  Associate  Member,  438. 

Murray,  Ray.— Elected  a  Junior,  376. 

Myers,  E.  T.  D.— On  Committee  of 
Arrangements  for  Annual  Cpn- 
vention,  102. 

Neale,  John  Colwell.— Elected  a 
Member,  2. 

Nbfp,  Fbask  Howabd.— Elected  an 
Associate  Member,  158. 

Neville.  Colonb  Will  Jackson. — 
Elected  an  Associate  Member,  192. 

"  New  Safety  Explosive,  A,"  presented 
and  disouHsed,  191. 

Nichols,  O.  F.  —  Correspondence  by, 
232. 

Noble,  AijFBed.  -  Elected  President, 
37,  72;  Address  by,  199;  Presides 
at  Meeting,  38,  40,  99,  101,  127, 
129,  157,  159,  191,  194,  198,  199, 
200,  209,  263,  341,  344,  373,  376, 
407,  409,  437,  439;  Discussion  by, 
409. 

Nominations,  Committee  on. — Elec- 
tion of,  36,  43;  Presents  List  of 
Nominees,  345,  380. 

Norman  Medal.— Award  of,  3, 36,  47. 

Nobth,  Edwahd  P. — Discussion  by, 
39,  437;  Correspondence  by,  242. 

Nostband,  George  E. — Resignation 
accepted,  3. 

Oaklet,  George  Israel.— Elected  a 
Junior,  376. 

Ookebson,  J.  A. — Offers  Resolution, 
37;  Letter  from  Relating  to  Place 
for  HoldiDg  Annual  Convention, 
194,  211;  Correspondence  by,  202; 
Appointed  as  Honorary  Member 
ot  the  American  Reception  Com- 
mittee of  the  Iron  and  Steel  In- 
stitute, 377. 

Olcott,  E.  E.— Correspondence  by, 
233. 

Olds,  William  Clarence. — Elected 
an  Associate,  408. 

Olmsted,  Ashbel  Edward.— Elected 
a  Member,  158. 

Olney,  Robert  Blum. — Death  an- 
nounced, 129. 

Ombebo,  James  Adolphus,  Jr.  — 
Elected  an  Associate  Member,  128. 

O'Roubke,  John  F.  —Correspondence 
by,  233. 

Osgood,  Joseph  O.—  Elected  a  Di- 
rector, 38,  72. 

Paine,  Charles.— Receives  Vote  of 
Thanks  of  the  Board  of  Direc 
tion,  205;  Correspondence  by,  241. 


PAINE. 

Paine,  Hibbabd  At-will. — Elected  an 

Associate  Member,  39. 
Palmer,      Cornelius.  —  Death       an  - 

nounoed,  343. 
"Panama    Canal,    The,"     presentel 

and  discussed,  40. 
Parker,  A.  MoC. — Discussion  by,  191. 
Parker,        Chables        Frederic.  — 

Elected   an    Associate    Member, 

342. 
Parsons,  Chables  Edward.— Elected 

an  Associate  Member,  158. 
Pabsons,  H.  de  B.  —Discussion  by,  1, 

157;  Paper  by,  157. 
Parsons,  William  Barclay.— Discus- 
sion by,  38. 
Paschke,  Theodore. —Discussion  by, 

40,  101. 
Patrick,   Mason    Mathews. — Elected 

a  Member,  374. 
Patterson,  John  Austin. — Death  an- 
nounced, 344. 
Peabse,  Lanodon.— Elected  a  Junior, 

2. 
Petebson,  P.  A.— Correspondence  by, 

254. 
Pew,  Abthtjb.  — On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 102. 
Pfau,     Julius    Welch. — Elected    an 

Associate  Member,  438. 
Phillips,  Arthur  Louis. — Elected  a 

Member,  408. 
Pillet,  Frederick  Fischer.— Elected 

a  Junior,  193. 
Pincombe,  William  Edwin.— Elected 

an  Associate  Member,  39. 
Pitnbt,    Frederic    V.— Resignation 

accepted,  3. 
Pitts,    Thomas    D.— Correspondence 

by,  439. 
Ploosted,  Walter  John.— Elected  a 

Junior,  376. 
Poland,  William  Babcock.— Elected 

a  Member,  342. 
Polk,  Armour  Cantrell.— Elected  a 

Junior,  376. 
Polk,   William    A.  —Correspondence 

by,  101. 
Polledo,   Ysidoro  Yonacio. —Elected 

a  Member,  408. 
Pollock,  C.  D.— Appointed  Teller  to 

Canvass  Ballot    for    Officers  35, 

42. 
Poster.  Henry  Hobabt,  Jr.— Elected 

a  Member,  192. 
Pobter,   Henry  Teomeyer.— Elected 

a  Member,  128. 
Pobteb,   John    Endicott.  —Elected  a 

Junior,  343. 
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POST. 

Post,  George  B. — On  Committee  on 
International  Engineering  Con- 
gress, 344,  348. 

Post,  Henry  Willis. — Elected  a  Mem- 
ber, 374. 

Potto,  Charles  Lkwis.— Elected  a 
.  Member,  128. 

Potter,  W.  B.— Discussion  by,  99. 

••  Preservation  of  Materials  of  Con- 
struction, The,"  discussed,  3b. 

Pritchabd,  Clifford  Moses.—  Elected 
an  Associate  Member,  128. 

Prttchstt,  Charles  Marcellus. — 
Elected  an  Associate  Member, 
342. 

Prizes,  Committee  to  Recommend  the 
Award  of.— Report  of,  3,  36,  47; 
Appointment  of,  345. 

Prout,  Henry  G.— Correspondence 
by,  232;  On  Committee  to  Pre- 
pare Memoir  of  George  S.  Mori- 
son,  377. 

Potnam,  George  Rockwell. —Elected 
a  Member,  192. 

Quirk,  Eugene  McGrath.— Elected  an 
Associate,  40. 

Radenhurst,  W.«N.— Correspondence 
by,  254. 

Ratter,  George  "W.  —  Correspondence 
by,  254. 

Rail  Sections. — Report  of  Committee 
on,  36,  43. 

Ramsey,  Guy  Robert.— Elected  an 
Associate  Member,  375. 

Ramsey,  Joseph,  Jr.— On  Committee 
on  International  Engineering 
Congress,  344,  348. 

Randolph,  Isham.— Elected  a  Mem- 
ber, 39. 

Raymond,  G.  H.— Correspondence  by, 
438. 

Raymond,  R.  R.— Correspondence  by, 
159. 

Reich  mann,  Albert  Ferdinand.  — 
Elected  a  Member,  100. 

Report  of  Committee  on  Discontin- 
uance of  Advertisements  in  Pro- 
ceedings, 159. 

Report  of  Committee  on  International 
Engineering  Congress,  440. 

Report  of  Committee  on  Rail  Sections, 
36,  43. 

Report  of  Committee  on  Uniform 
Tests  of  Cement,  36,  42. 

Report  of  Committee  to  Recommend 
the  Award  of  Prizes,  3,  36,  47. 

Report  of  Conference  Committee  on 
Joint  Engineering  Building,  345, 
409. 


REPORT. 

Report  of  Tellers  on  Vote  for  Amend- 
ment to  Constitution,  100,  374. 

Report  of  Tellers  on  Vote  for  Officers, 
37,  72. 

Report  of  the  Board  of  Direction,  5, 
42. 

Report  of  the  Secretary,  12. 

Report  of  the  Treasurer,  14. 

Resolution  of  Thanks  to  Andrew  Car- 
negie, 199,  283. 

Resolution  Relating  to  the  Appoint- 
ment of  a  Special  Committee  on 
Concrete-Steel,  203,  341,  342. 

Resolution  Relative  to  the  Death  of 
Abram  S.  Hewitt,  37,  70. 

Resolution  Relative  to  the  Interna- 
tional Engineering  Congress,  37, 
71. 

Resolutions  of  Thanks  at  the  Annual 
Convention.  203. 

Resolutions  of  the  Board  of  Direction 
Relative  to  the  Joint  Engineering 
Building,  198,  226. 

Resolutions  of  the  Conference  Com- 
mittee Relative  to  the  Joint  En- 
gineering Building,  205,  224,  345. 

Rhinbs,  George  Volney.— Elected  an 
Associate  Member,  192. 

Rich,  Isaac. — Elected  a  Member,  158. 

Rich,  Watson  Wellman.— Death  an- 
nounced, 40. 

Ricketts,  Palmer  C— On  Committee 
on  International  Engineering  Con- 
gress, 344,  348. 

Ridoway,  Robert. — Elected  a  Mem- 
ber, 192. 

Rives,  Alfred  L.— Death  announced, 
101. 

Robb,  Louis  Adams.  —Elected  a  Junior, 
159. 

Robinson,  A.  A. — On  Committee  on 
International  Engineering  Con- 
gress, 344,  348. 

Robinson,  A.  W. — Discussion  by,  437. 

Rockwell,  James  Vincent.— Elected 
an  Associate  Member,  39. 

Rohwbr,  Henry.— Elected  a  Member, 
128. 

Root,   William  Stanton. — Elected  a 

Junior,  376. 
Ropes,  Horace. — Elected  a  Member, 

342. 
Ross,  Florian  Gaie. — Elected  a  Mem- 
ber, 438 
Rowland,    Thomas     Fitch. — Corres- 
pondence by,  239. 
Rowland    Prize. — Award    of,    3,    36, 

47. 
Russell,  S.   Bent.— Discussion    by, 
200. 
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BUST. 

Bust,  Henby  Bedingeb.— Elected  a 
Member,  128. 

Sabin,  A.  H.— Discussion  by,  101. 
41  Hand -Blast  Cleaning   of  Structural 

Steel,"  presented  and  discussed, 

101. 
"Sanitary    Disposal     of    Municipal 

Refuse,  The,"  discussed,  1. 
Saph,  Augustus  V. — Paper  by,  342. 
bAUOBDO,  Vicente.— Elected  a  Junior, 

376. 
Saueb,  Alfbed  Francis.— Elected  a 

Junior,  343. 
Saunders,  W.  L.— Correspondence  by, 

233. 
Sawyer,   Wilbub  Ctbus.— Elected   a 

Junior,  376. 
Schaub,  J.  W.—  Discussion  by,   202, 

203;  Motion  by,  203,  341,  342. 

SCHENGK,      ARCHIBALD      ALEXANDER. — 

Resignation  accepted,  130. 

Sohmld,  Fbancis  Kauch. — Elected  a 
Junior,  376. 

Schmttt,  Jacob. — Elected  a  Junior, 
193. 

Schneider,  Chables  C— Presides  at 
Meeting,  35,  42;  On  Committee 
to  Prepare  Memoir  of  George  S. 
Morison,  377. 

Schodeb,  Ebnest  W. — Paper  by,  342. 

Schuyler,  James  D.— Elected  Vice- 
President,  37,  72. 

Schwiebs,  Fbedebick  William.— 
Elected  an  Associate  Member,  2. 

Scott,  Gut.— Elected  a  Junior,  439. 

Sbabuby,  George  Ttlley.— Elected  a 
Junior,  129. 

Seaman,  Henby  B.  -Presides  at  Meet- 
ing, 1;  Discussion  by,  39,  101; 
Motion  by,  195,  218. 

Secretary. — Report  of,  12. 

See,  Horace.— Resignation  accepted, 
41. 

Senior,  Samuel  Palmer.-  Elected  an 
Associate  Member,  375. 

Besses,  John  Cobnelious. — Elected  an 
Associate  Member,  128. 

"Sewage  Purification,11  discussed, 
200. 

Sheabwood,  Fbedebick  Pebby. — 
Elected  a  Member,  374. 

Shedd,  Edward  Wbttten. — Elected  a 
Member,  158. 

Shepabd,  Henby  H.— Resignation  ac- 
cepted, 3. 

Shepabdson,  John  Eaton. — Elected  an 
Associate  Member,  2. 

Shebman,  Chables  Wlnslow.— Elected 
a  Member,  39. 


SHERWOOD. 

Shebwood,    Fbedebick    Augustus.  — 
Elected  a  Junior,  376. 

Shima,  Takejtbo.— Elected  an  Asso- 
ciate Member,  100. 

Shoemaker  Marshall  Net.— Elected 
an  Associate  Member,  128. 

Sickman,  Albert  Fbanklin. — Elected 
an  Associate  Member,  100. 

Simpson,   Ebastus   Roland.— Elected 
an  Associate  Member,  408. 

Sims,  Clifford  Stanley.— Elected   a 
Member,  128, 

Sibbine,  Joseph   Emory.— Elected   a 
Member,  158. 

Skelly,  James  William.— Elected  an 
Associate  Member,  128. 

Small,  James  Hampden,  Jr.— Elected 
Junior,  129. 

"  Small  Rock-Fill  Dam,  A,"  presented 
and  discussed,  157. 

Smith,  Charles  William. — Trans- 
ferred to  Grade  of  Member,  438. 

Smith,  Edgar  Mayebicx.— Elected  an 
Associate  Member,  438. 

Smith,  George  Edson  Philip. — 
Elected  a  Junior,  40. 

Smith,  J.  Waldo. — Discussion  by, 
127;  Correspondence  by,  233. 

Smith,  Travis  Logan,  Jr.— Elected  a 
Junior,  40. 

Snare,  Fbedebick. — Elected  an  Asso- 
ciate, 375. 

Snow,  J.  P.— On  Nominating  Com- 
mittee, 36,  44;  Correspondence 
by,  101. 

1  *  Some  Railway  Construction  in  Ok- 
lahoma, ' '  presented  and  discussed, 
376. 

Sopeb,  George  A.— Discussion  by,  1, 
408. 

"South  African  Irrigation,' *  pre- 
sented.  373. 

Spilsbdby.E.  G.  —Correspondence  by, 
233. 

Stanton,  Robert  B.— Correspondence 
by,  233. 

Stauffeb,  D.  McN.— Correspondence 
by,  233. 

Stayton,  Edwabd  Moses.— Elected  an. 
Associate  Member  39. 

Stehle,  Felix  Charles. —Elected  an. 
Associate  Member,  192. 

Stepath,  Chables  Undebhill.— 
Elected  a  Junior,  40. 

Stillwell,  L.  B.— On  Committee  on 
International  Engineering  Con- 
gress, 344,  348. 

Stoddabt,  G.  S. — Appointed  Teller  to 
Canvass  Ballot  for  Officers,  35, 
42. 
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STRATTON. 

Stbatton,       Chables       Hetwood.  — 

Elected  a  Junior,  376. 
Stbawn,  Thomas  Cob  win.— Elected  an 

Associate  Member,  192. 
Sttmneb,   Robert  Swan.— Elected  an 

Associate  Member,  193. 
Supples,   Jesse,  Elected  a  Member, 

192. 
Sussex,    Jambs    Wolfe.— Elected    a 

Member,  376. 
Swain,    Geobob   F. — Correspondence 

by,  230. 
Swatt,    David    Youngs.— Elected    a 

Junior,  376. 
Swket,  Elnathan.— Death  announced, 

40. 
Swbnbson,  E.—  Discussion  by,  203. 
Swot,  William  Eybbett. — Elected  an 

Associate  Member,  342. 

Taft,  Jesse  Russell.— Elected  a 
Junior,  193. 

Tatlock,  Jambs  Lloyd.— Elected  a 
Junior,  343. 

Tatlob,  Nobman  Alfred.— Elected  a 
Junior,  376. 

Tatlob,  Samuel  Alfbed.— Elected  a 
Member,  374. 

Tatlob,  Selwtn  Mellon.— Elected  a 
Member,  374. 

Tatlob,  William  Johnston.— Death 
announced,  129. 

Tfjlman,  Ingtabt.— Elected  a  Mem- 
ber, 192. 

Tellers. — Appointed  to  Canvass  Bal- 
lot for  Election  of  Officers,  35,  42; 
Report  of.— On  Election  of  Of- 
ficers, 37,  72;  Appointed  to  Can- 
vass Ballot  on  Proposed  Amend- 
ment to  Constitution,  99,  373, 
Report  of. — On  Proposed  Amend- 
ment to  Constitution,  100,  374. 

Tennbt,  Gbobge  0.— On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 130. 

44  Tests  of  the  Efficiency  of  Hoisting 
Tackle,"  presented,  344. 

«« Theory  of  Centrifugal  Pumps  and 
Fans;  Analysis  of  their  Action, 
with  Suggestions  for  Designs,'' 
presented  and  discussed,  344. 

Thomas,  P.  H.— Discussion  by,  99. 

Thompson,  Henry  Clabx.— Elected  a 
Member,  39. 

Thompson,  Macket  James. —Elected 
an  Associate  Member,  375. 

Thompson,  William  Geoboe  McNeill. 
— Death  announced,  159. 

Thomson,  John.— Correspondence  by, 
233. 


THOMSON. 

Thomson,  Reginald  Hebeb. — Elected 
a  Member,  438. 

Thobnhtll,  Edwabd  Baylies.— Elect- 
ed a  Member,  374. 

Thbupp,  E.  C— Correspondence  by, 
342. 

Thubston,  Robebt  Henbt.  —  Death 
announced,  40*. 

Tidd,  Abthcb  Wabben.— Elected  an 
Associate  Member,  193. 

Tillson,  Geoboe  W.— On  Nominating 
Committee,  36,  44. 

41  Timber  Tests,"  discussed,  200. 

Toch,  Maximilian. — Elected  an  Asso- 
ciate, 342. 

Tombo,  Cabl. — Elected  a  Junior,  40. 

Tbeadwat,  Howard  Platt.— Elected 
an  Associate  Member,  158. 

Treasurer. — Report  of,  14. 

Tbibus,  L.  L.— Discussion  by,  127. 

Tbotteb,  Alfbed  W.— Appointed* 
Teller  to  Canvass  Ballot  on  Pro- 
posed Amendment  to  Constitu- 
tion, 373. 

Tubbs,  J.  Nelson.— Correspondence 
by,  254. 

Tugkeb,  Ross  Francis. — Elected  a 
Member,  374. 

Tucket,  Thomas  William  Townsbnd. 
—Elected  a  Member,  192. 

Tunbtall,  Whttmbll  Puoh.— Elected 
a  Junior,  376. 

Tubbill,  S.  M.— Paper  by,  129. 

Tuttle,  Abthub  S.—  Appointed  Teller 
to  Canvass  Ballot  on  Proposed 
Amendment  to  Constitution,  373. 

Uhlio,  Cabl. — Elected  a  Member,  374. 
TJmstead,   Chables   Henbt.— Elected 

an  Associate,  158. 
Undebwood,   H.  W. — Discussion  by, 

407. 
Union    Engineering    Building.     See 

Joint  Engineering  Building. 

Vandebpool,  Eugene. — Death  an- 
nounced, 343. 

Van  Loan,  Seth  Mobton.— Elected  an 
Associate  Member,  375. 

Van  Nobden,  Eabnest  Maitland. — 
Elected  an  Associate  Member,  158. 

Van  Obnum,  J.  L.— Paper  by,  376. 

Van  Pelt,  Sutton.— Elected  an  Asso- 
ciate Member,  438. 

Venablb,  William  Mato.  —  Corre- 
spondence by,  344. 

Vbbveeb,  Emanuel  Louis. — Elected 
an  Associate  Member,  193. 

von  Sohbenk,  H.—  Correspondence 
by,  200. 
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VON  UNWERTH. 

yon  Unwebtb.  Hans.— Elected  an  As- 
sociate Member,  158. 

Wadswobth,  George  K.— Resignation 
accepted,  3. 

Wagner,  Bernabd  Matthew.— Trans- 
ferred to  Grade  of  Member,  438. 

Wagneb,  Samuel  Tobias.  —  Corre- 
spondence by,  202. 

Walbbidqe,  C.  P. — Letter  from,  Re- 
lating to  Place  for  Holding  An- 
nual Convention,  194,  210. 

Waldbon,  Samuel  Patson. — Elected 
an  Associate  Member,  2. 

Walker,  Edward  Lloyd. — Elected  a 
Junior.  40. 

Walters,  Henry  Radclyffe  St.  Ab- 
vans. — Elected  a  Junior,  376. 

Walton,  G.  M. — Resignation  accept- 
ed, 41. 

Ware,  Reuel  Willabd.— Death  an- 
nounced, 344. 

Wason,  Leonard  Chase.— Elected  a 
Member,  128. 

Watkens,  John  Elfbeth. — Death  an- 
nounced, 343. 

Watson,  Ibvine.— Elected  an  Asso- 
ciate Member,  193. 

Webbtkb,  George  S.—  Presents  Report 
of  Committee  on  Uniform  Tests  of 
Cement,  36,  42;  Nominated  as 
Director,  380. 

Webster,  Royal  Sylvester.— Elected 
a  Junior,  376. 

Wells,  Rolla.— Letter  from  Relating 
to  Place  for  Holding  Annual  Con- 
vention, 194,  210. 

Wendt,  Edwin  Fredkbick.— Elected 
a  Member,  375. 

Wentwobth,  Charles  Austin. — 
Elected  an  Associate  Member,  375. 

Weston,  R.  S.— Discussion  by,  127. 

Wheeler,  Ralph  Norman. — Elected 
an  Associate  Member,  2. 

Whinery,  Samuel. — Correspond  ence 
by,  195,  219,  232,  250. 

Whipple,  George  C— Discussion  by, 
127. 

Whibtleb,  John  T. — Elected  a  Mem- 
ber, 375. 

White,  Lazarus  — Elected  an  Associ- 
ate Member,  39. 

White,  W.  M.— Discussion  by,  344. 

Whitman,  Ezra  Bailey.— Elected  a 
Junior,  40. 

Whitmer,  David  Heikes.— Elected  a 
Member,  158. 

Wiggin,  Thomas  W.— Discussion  by, 
408. 


WILCOCK. 

Wiloock,  Frederick.— Elected  an  As- 
sociate, 375. 
Wilcox,  Frank. — Elected  a  Member, 

375. 
Wild,    Herbert  Joseph. — Elected   a 

Junior,  129. 
Wildes,  Waldo  Gelman.— Elected  a 

Junior,  40. 
Wilgus,  Herbert  Sedgwick.— Elected 

an  Associate,  408. 
Williams,  Benjamin  Leb,  Jr.— Elected 

a  Junior,  40. 
Williams,  Chauncey Grant.— Elected 

a  Member,  375. 
Williams,  Gardner  S. — Awarded  the 

Norman  Medal,  3,  36,  47. 
Williams,  Howabd  Shay.— Elected  a 

Junior,  439. 
Wtlliams,  Sam  del  Daughebty    Jr. — 

Elected  an  Associate  Member,  438. 
Wilson,  Charles  Beatty.— Elected  a 

Member,  438. 
Wilson,  Everett  Broom  all.— Elected 

an  Associate  Member,  100. 
Wdlson,   William  Edward.— Elected 

a  Junior,  2. 
Wiltseb,   Wdlliam    Phabo. — Elected 

an  Associate  Member,  375. 
Wdngfteld,    Ne8Bit.— On  Committee 

of  Arrangements  for  Annual  Con- 
vention, 130. 
Winsob,  Frank  Edward.— Elected  an 

Associate  Member,  408. 
Wisneb,  George  Monroe. — Elected  a 

Member,  39. 
Witherell,  Frederick  Whttepield. 

—Elected  a  Junior,  376. 
Wolverton,    Irving    Mason. — Trans- 
ferred to  Grade  of  Member,  438. 
Woodcock,  Henry  Wright.— Elected 

a  Junior,  439. 
Woodruff,   James    Albert. — Elected 

an  Associate  Member,  438. 
Woods,  Robert  Patterson. — Elected 

a  Member,  128. 
Woolley,  Andrew  Feasteb. — Elected 

a  Member,  438. 
Wyckoff,    Charles  Rapelyea,   Jr.— 

Elected  a  Junior,  159. 

Yamaguchi,   Junnsosuke.  —Elected  a 

Member,  100. 
Yen,  Tuok    Ching  Strong.— Elected 

a  Juoior,  439. 
Young,  Henry  Amerman.— Elected  an 

Associate  Member,  438. 

Zanb-Cetti,      Carolus     Hermann.- 
Elected  a  Junior,  40. 
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EMIL  KUICHLJNG. 
WILLIAM  JACKSON, 
CHARLES  WARREN  HUNT. 


Special    Committees. 

On  Uniform  Tests  of  Cement  :— George  S.  Webster,  George  F.  Swain,  Alfred  Noble* 
W.  B.  W.  Howe,  Louis  C.  Sabin,  S.  B.  Newberry,  Clifford  Richardson, 
Richard  L.  Humphrey,  F.  H.  Lewis. 

On  Rail  Sections  :— G.  Bouscaren.  C.  W.  Buchholz,  8.  M.  Felton,  Robert  W.  Hunt, 
John  D.  I$*acs,  Richard  Montfort,  H.  G.  Prout,  Joseph  T.  Richards,  Percival  Roberts,\Ir.t 
George  E.  Thackray,  Edmund  K.  Turner,  William  R.  Webster. 


The  House  of  the  Society  is  open  from  9  a.m.  to  10  p.m.  every  day,  except  Sundays, 
Fourth  of  July,  Thanksgiving  Day  and  Christmas  Day. 

House  of  the  Society— 220  West  Fifty -seventh  Street,  New  York. 

Telephone  Number,       -       -       -       588  Columbus. 
Cable  Address.       ....    "Ceas,  New  York." 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


January  7thf  1903. — The  meeting  was  called  to  order  at  8.45  p.  m., 
Henry  B.  Seaman,  Director,  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary; and  present,  also,  87  members  and  14  guests. 

The  minutes  of  the  meetings  of  December  3d  and  17th,  1902,  were 
approved  as  printed  in  the  Proce&iings  for  December,  1902. 

The  discussion  on  the  topic  "  The  Sanitary  Disposal  of  Municipal 
Refuse  "was  continued  by  Messrs.  George  A.  Soper,  Theodore  Horton, 
W.  J.  Baldwin,  Charles  B.  Ball,  M.  N.  Baker,  H.  de  B.  Parsons  and 
Rudolph  Hering. 
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Ballots  were  canvassed  and  the  following  candidates  declared 
elected: 

As  Members. 
Thomas  Hooker  Looms,  Steubenville,  Ohio. 
William  Martin,  Bellevue,  Pa. 
John  Colwell  Neale,  Pittsburg,  Pa. 

As  Associate  Members. 
Lewis  Eugene  Ashbaugh,  Ames,  Iowa. 
William  Durward  Connor,  New  London,  Conn. 
William  Hastings  Ferguson,  Denver,  Colo. 
George  Sherman  Frost,  New  York  City. 
Charles  Bomney  Hall,  Portland,  Me. 
Austin  Curtin  Harper,  Norfolk,  Va. 
Frederick  William  Schwters,  New  York  City. 
John  Eaton  Shepardson,  New  York  City. 
Samuel  Payson  Waldron,  East  Berlin,  Conn. 
Ralph  Norman  Wheeler,  New  York  City. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  January  6th,  1903. 

As  Juniors. 
Richard  Erwin  Dougherty,  New  York  City. 
William  Dollison  Faucette,  Savannah,  Ga. 
Mat  Feldman,  New  York  City. 
Langdon  Pearse,  Roxbury,  Mass. 
William  Edward  Wilson,  Detroit,  Mich. 
Adjourned. 

January  aist,  1903 — The  minutes  of  this,  the  Annual  Meeting, 
will  be  printed  in  the  Proceedings  for  February,  1903. 

OF  THE  BOARD  OP  DIRECTION. 

(Abstract. ) 

January  6th,  1903 — 8.35  p.  m. — Director  O'Rourke  in  the  chair; 
Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Briggs, 
Croes,  Jackson,  Knap,  Pegram,  Seaman  and  Wilgus. 

The  cases  of  members  in  arrears  for  dues  were  considered  and 
acted  upon. 

Upon  the  recommendation  of  the  Finance  Committee,  it  was  de- 
cided to  pay  Ten  Thousand  Dollars  on  January  15th,  1903,  on  account 
of  the  principal  of  the  mortgage  held  by  the  Mutual  Life  Insurance 
•Company  on  the  Society  House. 
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A  draft  of  the  report  to  the  Board  of  Direction  was  presented,  by 
the  Special  Committee  appointed  for  that  purpose,  and  adopted. 

The  report  of  the  Committee  to  recommend  the  award  of  prizes 
for  the  year  ending  with  the  Transactions,  July,  1902,  was  received,  and 
the  prizes  awarded,  in  accordance  with  the  recommendations  of  that 
report,  as  follows: 

The  Norman  Medal  to  Paper  No.  911,  "Experiments  at  Detroit, 
Michigan,  on  the  Effect  of  Curvature  upon  the  Flow  of  Water  in 
Pipes"  by  Gardner  8.  Williams,  M.  Am.  Soc.  C.  E.,  Clarence  W. 
Hubbell,  Assoc.  M.  Am.  Soc.  C.  E.,  and  George  H.  Fenkell,  Jun.  Am. 
Soc.  C.  E. 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  910,  "  Description 
of  Coos  Bay,  Oregon,  and  the  Improvement  of  Its  Entrance  by  the 
Government,"  by  William  W.  Harts,  M.  Am.  Soc.  C.  E. 

The  following  resignations  were  accepted:  S.  E.  Barney,  Assoc.  M., 
Frederic  V.  Pitney,  Assoc.  M.,  Henry  H.  Shepard,  Assoc.  M.,  R  C. 
McKinney,  Assoc,  Mark  Fargusson,  Jun.,  Myron  H.  Lewis,  Jun., 
George  E.  Nostrand,  Jun.,  George  R.  Wads  worth,  Jun. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Five  candidates  for  Junior  were  elected.* 

Adjourned. 
*  See  page  2. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  Af . 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  February  4th,  1903.— 8.31  p.  m.—  A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and. 
there  will  be  an  informal  discussion  on  "  The  Preservation  of  Materials 
of  Construction."  It  is  not  intended  to  confine  this  discussion  to  any- 
particular  material  or  method,  but  to  invite  exchange  of  opinion,  based 
on  experience,  of  practical  methods  of  securing  permanence  in  en- 
gineering structures  of  all  types.  Several  members  have  already 
agreed  to  take  part,  and  it  is  hoped  that  others  will  come  prepared  to 
speak,  or  will  send  written  communications  on  the  subject. 

Wednesday,  February  18th,  1903.— 8.30  p.  m.— At  this  meeting  a 
paper  by  George  S.  Morison,  Past-President,  Am.  Soc.  C.  E.,  entitled 
"  The  Panama  Canal,"  will  be  presented  for  discussion.  This  paper 
is  printed  in^this  number  of  Proceedings. 

Wednesday,  March  4th,  1903. — 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  M.  H.  Gerry,  Jr.,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "A 
High-Voltage  Power  Transmission,"  will  be  presented  for  discussion. 
This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION  OF  1903. 

The  Thirty-fifth  Annual  Convention  of  the  Society  will  be  held  at 
Asheville,  N.  C,  during  the  week  beginning  June  8th,  1903. 
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ANNUAL  KEPORT  OF  THE  BOARD  OF  DIRECTION  FOR  THE 
YEAR  ENDING  DECEMBER  31st,  1902. 


Presented  at  the  Annual  Meeting,  January  21st,  1903. 


The  Board  of  Direction,  in  complianoe  with  the  Constitution  of  the 
Society,  presents  its  report  for  the  year  ending  December  31st,  1902. 

MEMBERSHIP. 

The  changes  in  membership  are  shown  in  the  following  table: 


GfU.DK. 


Honorary  Members 

Corresponding  Members. 

Members 

Associate  Members. 

Associates 

Juniors 

Fellows , 


Totals.. 


Jan.  1st,  1902.  |  Jaw.  1st,  1908.  |i  Losses. 


9 

2 
286 
161 J    461 

88!      78 
1011    160 

9i      26 

596  1  932  2  528 


f 


10 


1  508  312 

618  I  198 

HI  .  43 

261  107 

84  10 


_! 

U 
lis  if 


8  9 

2  2 

1  268 1 1  675 

6221  714 

76  lie, 

164  261 
28 


666  2  048  2  718  65  13  18)82 


38   6 


h 

cuts 


224 
21  8 

;J8 


•  I. 


•28,  m 

t85,i:l02, 

*8     12; 

....J    68, 


Totals. 


66i  248 

I 


94 
187 
14 


128   818 


*  26  Associate  Members  and  3  Juniors. 

1 2  Associates  and  88  Juniors. 

i  2  Juniors. 

1 1  Reinstatement. 

F  1  Reinstatement. 

It  will  be  seen  that  the  net  increase  during  the  year  was  185. 

In  the  report  of  the  Board  for  1902,  statistics  of  the  yearly  growth 
of  the  Society  for  thirty- two  years  were  given,  and  it  was  pointed 
oat  that  the  rate  of  increase  for  the  last  few  years  was  apparently  not 
due  to  temporary  conditions.  The  result  of  this  year  seems  to  empha- 
size this,  the  figures  of  the  increase  for  the  past  four  years  being  as 
f  olio  ws : 

1899 — Net  increase  in  total  membership 103 

1900  "  "        "      "  "  138 

1901  "  "         "      "  "  191 

1902  "  "         "      "  "  185 


Total  for  the  past  four  years 617 

Average  yearly  increase  for  the  past  four  years 154 

Average  yearly  increase  from  1869  to  1898,  inclusive .        62 
The  total  number  of  applications  received  during  the  year  was 


362. 
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Action  taken  by  the  Board  has  been  as  follows: 

Passed  to  ballot  as  Members 109 

Passed  to  ballot  as  Associate  Members 140 

Elected  Associates 14 

Elected  Jnniors 65 

Total 328 

Applications  awaiting  action 90 

The  losses  by  death  reported  during  the  year  number  32.     They 
are  as  follows : 

Honorary  Member:  William  Hasell  Wilson. 

Members:  Edward  Josiah  Blake,  Charles  Edward  Henry  Camp- 
bell,  Lorenzo  Russell  Clapp,  Emilio  Del  Monte,  William  Durfee 
Gelette,  Edmund  Phillips  Hannaford,  Charles  Fletcher  Hillman, 
Arthur  Stanley  Hobby,  Milton  Grosvenor  Howe,  John  Butler  John- 
son, Moritz  Lassig,  Charles  Hazlehurst  Latrobe,  William  Shattuck 
Lincoln,  George  Henry  Mendell,  James  Ellison  Mills,  Henry 
Mitchell,  Nathaniel  Edwards  Russell,  Ira  Alexander  Shaler,  Martinius 
Stixrud,  Robert  Henry  Temple,  William  Van  Slooten,  Robert  Atwell 
Way,  Oscar  F.  Whitford,  Joseph  Miller  Wilson. 

Associate  Members:  Henry  Lawrence  Clever  don,  Reginald  McKean» 
Kenneth  Oake  Plummer  Reinholdt. 

Associates:    John   Woodbridge  Davis,   Charles    Edward   Hamlin, 
Peter  Milne. 

Fellow:  Nathaniel  Cheney. 

LIBRARY. 

The  accessions  to  the  Library  during  the  year  are  shown  in  the 

following  table:  l 

Accessions  Duking  the  Yeae  1902. 

Maps,  Pho 


Donations — 

Bound 
Volumes. 

Unbound 
Volumes. 

Specifica-  tographsand 
Uons.        Drawings. 

Total. 

In  answer  to  special 

requests 

272 

1  153 

1 

1426 

From  publishers 

47 

14 

.... 

61 

Eng.  News  Pub.  Co. 

24 

148 

25 

• . . 

197 

In  regular  course . . . 

214 

1047 

3  070 

306 

4  637 

Exchange  of  duplicates 

322 

368 

.... 

690 

By  purchase 

237 

238 

.... 

475 

Total 1116  2  968  3  095  307  7  486 

In  addition  to  the  above,  there  have  been  received  489  duplicates, 
and  234  separate  numbers  to  complete  files  of  periodicals,  neither  of 
which  can  appear  as  accessions. 
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A  comparison  with  the  corresponding  figures  for  last  year  shows 
that  the  growth  of  the  library  in  1902  has  exceeded  that  of  1901  (which 
was  regarded  as  phenomenal)  by  1  459  accessions. 

The  Library  now  contains : 

Bound  volumes 11  330 

Unbound  volumes 27  609 

Specifications 5  658 

Maps,  photographs  and  drawings 3  000 

Total 47  597 

The  total  number  of  titles  in  the  Library  is  19  178. 
During  the  year,  890  volumes  have  been  bound,  and  55  bound 
volumes  which  were  duplicates  were  received  and  have  replaced  pre- 
viously unbound  volumes. 

The  following  amounts  have  been  expended  upon  the  Library  dur- 
ing the  year: 

Purchase  of  books,  475  volumes $1  224 .  87 

Express  charges,  etc 99.90 

Binding  890  volumes 931.25 

Fixtures  and  supplies 207 .  29 

Total 82  463.31 

The  value  of  the  accessions  to  the  Library  during  the  year  is  as 
follows,  each  accession  having  been  valued  separately,  as  received: 

7  011  Donations    and    exchanges    (estimated 

value) 82  822.41 

475  Volumes  purchased  (cost) 1  224 .  87 

Binding  890  volumes 931 .25 

84  978.53 

Owing  to  the  rapid  increase  of  the  Library,  and  the  accession  of 
many  new  books,  by  purchase  and  otherwise,  it  has  been  decided  to 
publish  a  second  volume  of  the  classified  Catalogue,  the  first  volume 
of  which  was  published  in  1900.  This  volume  is  now  nearly  all  in  type, 
and  it  is  expected  will  be  issued  to  all  members  in  about  a  month. 

For  the  first  45  years  of  the  life  of  the  Society  the  total  number  of 
accessions  to  the  Library  was  30  847,  an  average  yearly  addition  of  685 
volumes.  About  the  close  of  1897  the  Library  was  moved  into  the 
new  House.  Since  that  time  the  average  yearly  addition  has  been 
8  350  volumes,  the  total,  as  stated  above,  being  now  47  597. 

By  the  terms  of  the  will  of  the  late  Herbert  Steward,  Assoc.  Am. 
Soc.  G.  E.  (who  died  March  4th,  1899),  the  Society  has  received,  during 
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the  year,  #1  940,  and  the  Board  has  accepted  this  bequest  under  the 
terms  of  Mr.  Steward's  will,  which  were  as  follows : 

*'  I  give  and  bequeath  to  the  American  Society  of  Civil  Engineers 
the  sum  of  two  thousand  dollars,  to  be  known  as  the  Herbert  Steward 
Library  Fund.  The  fund  shall  be  invested  and  utilized  as  the  Board 
of  Direction  of  said  Society  may  elect,  provided  it  shall  secure  a  yearly 
income;  which  income  shall  be  entirely  expended  each  year  for  trie 
purchase  of  books,  maps,  or  apparatus 'suitable  for  the  Library  of  said 
Society,  or  for  the  purpose  of  promulgating  engineering  information. 
I  also  give  to  said  Society  such  technical  books  from  my  library  as 
may  be  selected  by  the  Secretary  of  the  Society." 

A  gift  of  £10  was  also  received  during  the  year  from  Sir  Benjamin 
Baker,  Hon.  M.  Am.  Sos.  C.  E.,  for  library  purposes. 


PUBLICATIONS. 

During  the  year  the  usual  ten  numbers  of  Proceedings  have  ap- 
peared, and  three  volumes  of  Transactions,  instead  of  the  usual  two, 
have  been  published. 

In  the  Proceedings,  the  list  of  references  to  current  engineering 
literature  has  covered  51  pages,  containing  2  614  classified  references 
to  62  periodicals. 

The  demand  for  publications  has  been  much  greater  than  usual, 
subscriptions  and  sales  during  the  year  amounting  to  $3  231.16. 

The  stock  of  the  various  publications  of  the  Society,  kept  on 
hand  for  the  convenience  of  members  and  others,  now  amounts  to 
119  850  copie3,  the  actual  cost  of  which  to  the  Society  has  been 
$13  904.42. 

More  than  3  200  volumes  of  Transactions  have  been  bound,  during 
the  year,  for  members  and  others,  in  the  standard  half -morocco  or 
cloth  bindings. 

SUMMABT   OF   PUBLICATIONS  FOR   1902. 

Number    Total  Edition  Number 
Issued.  of  Each,     of  Pages. 

C  2  800 

Transactions* 3        1  2  900       1  434 

(  3  100 

Proceedings* 10  3  000       1  266 

Constitution  and  List  of 

Members 1  3  200  237         

Advertisements 10  3  000  108         

Totals 3  045  92  468 

*  Includes  Indexes  and  Tables  of  Contents. 


Plates. 

Cuts. 

52 

327 

40 

141 

* 
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The  cost  of  publications  has  been : 

For  Paper,   Printing,   Binding,    etc.,    Transactions    and 

Proceedings $8  211.14 

For  Plates  and  Cuts 957.56 

For  Boxes,  Mailing  Lists,   Copyright  and  Sundry  Ex- 
penses      231.50 

For  Commission  on  Advertisements 265 .09 

For  6  575  copies  of  Memoirs  and  Papers 734. 61 

For  List  of  Members 909.33 

Total $11  309.23 

Deduct  amount  received  for  advertisements. . .    $1  807.50 
Deduct  amount  received  for  sale  of  publica- 
tions      3  231.76 

5  039.26 

Net  cost  of  Publications  for  1902 86  269 .97 

Since  publications  were  begun  by  the  Society,  31  years  ago,  there 
have  been  published  49  volumes  of  Transactions,  28  volumes  of  Pro- 
ceedings and  33  miscellaneous  separate  publications,  consisting  of 
Indexes,  Catalogues,  Lists  of  Members,  etc.  The  total  number  of 
pages  in  these  publications  has  been  42  099,  an  average  yearly  output 
of  1  358  pages. 

Beginning  with  1896,  the  system  of  publication  was  changed,  and 
since  that  time  Proceedings  and  Transactions  have  been  issued 
separately. 

For  the  24  years,  1872-1895  (inclusive),  there  were  issued  22  799 
pages,  a  yearly  average  of  950  pages,  and  for  the  past  7  years  the  total 
issue  has  been  19  300  pages,  an  average  of  2  757  pages  per  year. 

MEETINQS. 

During  the  year  25  meetings  have  been  held,  as  follows:  At  the 
Annual  Meeting,  2;  at  the  Annual  Convention,  6;  regular  semi-monthly 
meetings,  17. 

At  these  meetings  there  were  presented  18  formal  papers,  4  of 
which  ware  illustrated  with  lantern  slides;  7  topics  for  informal  dis- 
cussion, one  of  which  was  illustrated  with  lantern  slides;  and  8  illus- 
trated lectures. 

The  Thirty-fourth  Annual  Convention  was  held  at  the  Willard 
Hotel,  Washington,  D.  C.  There  were  registered  at  this  Convention 
343  members  of  the  Society,  in  all  grades,  accompanied  by  377  mem- 
bers of  their  families,  and  other  guests.  This  was  the  most  largely 
attended  Convention  of  the  Society  ever  held. 


10  ANNUAL  REPORTS,  [Society- 

MEDALS  AND  PRIZES. 

For  the  year  ending  with  the  month  of  July,  1901,  Prizes  were 
awarded,  as  follows: 

The  Thomas  Fitch  Rowland  Prize,  to  L.  G.  Montony,  Assoc.  M. 
Am.  Soc.  C.  E.,  for  his  paper  entitled  "The  Ninety-Sixth  Street 
Power  Station  of  the  Metropolitan  Street  Railway  Company,  of  New 
York  City." 

The  Collingwood  Prize  for  Juniors,  to  F.  A.  Kummer,  Jun.  Am. 
Soc.  C.  E.,  for  his  paper  entitled  "A  Proposed  Method  for  the 
Preservation  of  Timber. " 

No  award  of  the  Normal  Medal  was  made. 

FINANCES. 

An  examination  of  the  Secretary's  statement  of  receipts  and  dis- 
bursements, and  of  the  general  balance  sheet  which  accompanies  it, 
will  show  the  financial  condition  of  the  Society.  Daring  the  year  the 
sum  of  $1  940  has  been  received  from  the  Executors  of  the  estate  of 
the  late  Herbert  Steward,  Assoc.  Am.  Soc.  C.  E.,  this  sum  to  be 
invested  and  the  yearly  proceeds  to  be  used  in  the  purchase  of  books, 
maps,  or  apparatus  suitable  for  the  library,  or  for  the  purpose  of 
promulgating  engineering  information. 

When,  in  1895,  the  project  for  building  a  new  house  was  under 
consideration,  the  total  assets  of  the  Society  (omitting  the  estimated 
value  of  the  Library,  and  of  publications  in  stock)  were  about 
$65  000.  Making  no  allowance  for  increase  in  the  value  of  the  present 
property  since  it  was  purchased,  the  total  assets  now  are  about  $167  000. 

In  the  report  of  the  Board  for  the  year  1898,  it  is  stated  that  "the 
permanent  loan  has  been  fixed  at  $85  000,  which  loan  has  been  secured 
at  a  rate  of  4J  percent."  The  payment,  on  January  15th,  1903,  of 
$10  000  on  the  principal  of  the  mortgage,  which  has  been  authorized 
by  the  Board,  will  reduce  the  debt  to  $55  000,  which  is  now  carried  at 
±%  interest.  In  other  words,  $30  000  has  been  paid  off  in  four 
years. 

The  reports  of  the  Secretary  and  the  Treasurer  are  appended. 

By  order  of  the  Board  of  Direction, 

CHAS.  WARREN  HUNT, 

Secretary. 

New  York,  January  6th,  1903. 
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REPORT  OF  THE  SECRETARY,  FOR  THE 

To  THE  BOARD  OP  DIRECTION  OP  THE 

Gentlemen, — I   have   the   honor  to  present  a  statement  of    Re- 
December  31st,  1902.     There  is  also  presented  a  general  balance  sheet 
New  York,  January  6th,  1903. 

Receipts. 

Balance  on  hand  December  31st,  1902,  in  Bank 

and  Trust  Company  and  in  hands  of   the 

Treasurer 815  993.31 

Entrance  Fees 86  025.00 

Current  Dnes 30  786.47 

Past  Dues 1  256.88 

Advance  dues 12  127.23 

Certificates  of  Membership  . .    197.47 

Badges 1  213.00 

Sales  of  Publications 3  231.76 

Advertisements 1  807.50 

Interest 307.35 

Compounding  Dues 250.00 

Library 50.75 

Annual  Meeting 223.00 

Binding 2  896.87 

Miscellaneous. . .". 156.57 

Herbert  Steward  Library  Fund 1  940 .  00 

Caretaking 28.00 


62  497.85 


$78  491.16 
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YEAR  ENDING  DECEMBER  31st,  1902. 
American  Society  of  Civil  Engineers. 

oeipts  and  Disbursements  for  the  fiscal  year  of  the  Society,  ending 
showing  the  condition  of  the  affairs  of  the  Society. 
Respectfully  submitted, 

CHAS.  WARREN  HUNT,  I 

Secretary.  ! 

Disbursements.  | 

Salaries  of  Officers 88  199.97 

Clerical  Help 8  759.34 

Caretaking 1  852.23 

Publications 11  044.14 

Postage 3  354.08 

General  Printing  and  Stationery 1  747.84 

Badges 975.20 

Certificates  of  Membership 117.80 

Binding 2  033. 11 

Library 2  459.56 

Maintenance  of  House 334. 71 

Heat,  Light  and  Water 1  068.79 

Betterments 29.48 

Furniture 360  34 

Annual  Meeting 785.30 

Convention 434.50 

Prizes 111.00 

Advertising  Commission 265.09 

Interest  and  Insurance 2  700.00 

Petty  Expenses  182.29 

Society  House  Loan 5  000.00 

Current  Business 357.95 

Refunds 2105 

852193.77 

Balance  on  Hand  December  31st,  1902: 

In  Union  Trust  Company $24  562.41 

In  Garfield  National  Bank 749  98 

In  hands  of  Treasurer 985. 00 

26  297.39 


878  491.16 
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REPORT  OF  THE  TREASURER. 

In  compliance  with  the  provision  of  the  Constitution,  the  Treas- 
urer presents  the  following  report  for  the  year  ending  December  31st, 
1902: 

Balance  on  hand  December  31st,  1901 $15  993 .  31 

Receipts  from  current  sources,  January 

1st  to  December  31st,  1902 $60  509 .  35 

Received  from  Herbert  Steward  Library 

Fund 1  940.00 

Received  from  Sir  Benjamin  Baker. . .  48.50 

62  497.85 

Payment  on  audited  vouchers  for  cur- 
rent business,  January  1st  to  De- 
cember 31st,  1902 $47  193.77 

Payment  on    principal  of  Bond    and 

Mortgage 5  000.00 

Balance  on  hand  December  31st,  1902: 
In    Union    Trust  Com- 
pany  $24  562.41 

In      Garfield    National 

Bank 749.98 

In  hands  of  the  Treas- 
urer         985.00       26  297.39 

$78  491.16     $78  491.16 

Respectfully  submitted, 

JOSEPH  M.  KNAP, 

Treasurer ',  Am.  Soc.  C.  E. 
New  York,  January  6th,  1903. 
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ACCESSIONS  TO  THE   LIBRARY. 

From  December  10th,  1902,  to  January  13th,   1903. 
DONATIONS.* 
THE  CIVIL  ENGINEER'S  POCKET-BOOK. 

By  John  C.  Trautwine.  Revised  by  John  C.  Trautwine,  Jr.,  and 
John  C.  Trantwine,  3d.  Eighteenth  Edition,  Morocco,  7x4  ins., 
1079  pp.,  ilhiB.  New  York,  John  Wiley  &  Sons,  1902.  $5.00. 
{Donated  by  John  C.  Trautwine,  Jr.,  and  John  C.  Trantwine,  3d.) 

The  preface  states  that  in  preparation  for  the  eighteenth  edition,  this  book,  the 
first  edition  oi  which  appeared  thirty  years  ago,  has  undergone  a  far  more  extensive 
revision  than  at  any  other  time.  More  than  37C  pages  of  new  matter  have  been  added, 
and  the  new  edition  is  larger,  by  about  100  pages,  than  its  recent  predecessors.  The 
articles  on  arithmetic  are  considerably  extended  by  (he  addition  of  new  matter  relating 
to  interest,  annuities,  depreciation,  etc.  The  conversion  tables  contain  the  equivalents 
of  both  English  and  metric  units,  and  each  of  these  in  terms  of  the  other.  The  new 
article  on  the  location  of  the  meridian  is  much  more  complete  than  its  predecessors, 
and  a  new  table  of  azimuths  of  Polaris,  corresponding  to  different  hour-angles,  has  been 
added.  Among  the  important  changes  in  this  edition  are  those  in  the  articles  on 
Statics,  on  Beams,  and  on  Trusses.  These  have  been  almost  entirely  rewritten  and 
completely  modernized.  Under  Trusses,  modern  method*  of  construction  are  explained, 
and  several  modern  roofs  and  bridges  are  described  and  illustrated.  The  Contents  are: 
Mathematics;  Natural  Phenomena:  Mechanics;  Force  in  Rigid  Bodies;  Strength  of 
Materials;  Hydrostatics;  Hydraulics;  Constructions,  etc.;  Water  Supply;  Test  and  Well 
Boring;  Rock  Drills;  Traction,  Animal  Power:  Trusses;  Suspension  Bridges;  Rivets  and 
Riveting;  Railroads;  Materials.    There  is  an  index  of  forty-one  pages. 

ANCIENT  AND  MODERN  ENGINEERING  AND  THE  ISTHMIAN  CANAL. 

By  William  H.  Burr,  M.  Am.  Soc.  C.  E.,  M.  Inst.  C.  E.     Cloth, 

9x6  ins.,  15  +  473  pp.,  illus.     New  York,  John  Wiley  &  Sons,  1902. 

$3.50.     Postage  or  Express,  27  cents  additional. 

This  book  is  the  outcome  of  a  course  of  six  lectures  delivered  at  the  Cooper  Union 
In  the  City  of  New  York,  in  February  and  March,  1908,  under  the  auspices  of  Columbia 
University.  These  lectures  have  been  expanded  for  the  purposes  of  publication.  The 
half-tone  Illustrations,  with  scarcely  an  exception,  have  been  prepared  .from  photo- 
graphs of  the  actual  subjects  illustrated.  All  such  illustrations  in  Parts  V  and  VI, 
devoted  to  the  Nicaragua  and  Panama  Canal  Routes,  are  made  from  photographs  at  the 
various  locations  by  members  of  the  force  of  the  Isthmian  Canal  Commission.  The 
parts  are:  Ancient  Civil  Engineering  Works;  Bridges;  Water- Works  for  Cities  and 
Towns;  Some  Features  of  Railroad  Engineering;  The  Nicaragua  Route  for  a  Ship- 
Canal;  The  Panama  Route  for  a  Ship-Canal. 

A  TREATISE  ON  ROADS  AND  PAVEMENTS. 

Bv  Ira  Osborn  Baker,  M.  Am.  Soc.  C.  E.     Cloth,  9x6  ins.,  8+655 

pp.,  illus.     New  York,  John  Wiley  &  Sons,  1903.     $5.00. 

The  author  states  iu  the  preface  that  the  object  of  this  book  is  to  give  a  discussion, 
from  the  point  of  view  of  an  engineer,  of  the  principles  involved  in  the  construction  of 
country  roads  and  city  pavements.  The  attempt  has  been  made  to  show  that  the 
science  of  road  making  and  maintenance  is  based  upon  well-established  elementary 
principles,  and  that  the  art  depends  upon  correct  reasoning  from  the  principles  rather 
than  in  attempting  to  follow  rules  or  methods  of  construction.  In  some  cases  practical 
experience  has  not  ret  determined  the  best  method  of  procedure,  and  in  these  cases  the 
conflicting  views  with  the  reasons  for  each  are  fully  stated.  Considerable  space  has 
been  given  to  the  economics  and  location  of  country  roads  and  to  the  construction  and 
maintenance  of  earth  roads.  The  remainder  of  the  book,  the  portion  that  considers 
roads  having  permanently  hard  surfaces,  is  based  chiefly  upon  American  experience. 
The  Contents  are:  Part  I.  Country  Roads.  Road  Economics;  Road  Location;  Earth 
Roads;  Gravel  Roads;  Broken -Stone  Roads;  Miscellaneous  Roads;  Equestrian  Roads 
and  Horse-Race  Roads.  Part  II.  Street  Pavements.  Pavement  Economic*;  Street  Design; 
Street  Drainage;  Curbs  and  Gutters;  Pavement  Foundations;  Asphalt  Pavements;  Brick 
Pavements;  Cobble-Stone  Pavement;  Stone-Block  Pavement:  Wood-Block  Pavements; 
Comparison  of  Pavements;  Sidewalks;  Bicycle  Paths  and  Race  Tracks.  There  is  an 
index  of  nine  pages. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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POWER  DISTRIBUTION  POR  ELECTRIC  RAILROADS. 

By  Louis  Bell.  Third  Edition,  Revised  and  Enlarged.  Cloth,  9x6 
ins.,  7  +  303  pp.,  illus.  New  York,  Street  Railway  Publishing  Com- 
pany, 1900.     #2.50. 

The  preface  states  that  this  book  is  written  In  the  hope  that  it  may  be  of  service  to 
those  whose  daily  work  is  concerned  with  the  art  of  transportation,  in  which  electrical 
traction  is  to-day  so  potent  a  factor.    The  author  has  endeavored  to  set  forth  the  gen- 
eral principles  of  the  distribution  of  electrical  energy  to  moving  motors,  to  describe  the 
methods  which  experience  has  shown  to  he  desirable  in  such  work,  and  to  point  out;  the 
ways  in  which  these  principles  and  methods  can  be  co-ordinated  in  every-day  practice. 
For  the  most  part,  apparatus  is  too  mutable  to  describe  exhaustively,  unless  one  is 
writing  a  history.    The    reader  will  therefore  And  little  of  such  detail.    The  volume 
deals  with  principles  and  methods,  and,  consequently,  the  examples  given  in  the  first 
edition  are,  save  in  unimportant  details,  as  typical  of  current  practice  in  1900  as  they 
were  in  1896.    The  chapter  headings  are:  Fundamental  Principles:  The  Return  Circuit: 
Direct  Feeding  Systems;  Special  Methods  of  Distribution;  Substations;  Transmission  of 
Power  for  Substations;  Alternating  Motors  for  Railway  Work;  Interurban  and  Cross 
Country  Work;  Fast  and  Heavy  Railway  Service. 

COMBUSTIBLES  INDUSTR1BLS. 

Houille,  Petrole,  Lignite,  Tour  be,  Bois,  Charbon  de  Bois,  Agglo- 
meres, Coke.  Par  Felix  Colomer  et  Charles  Lordier.  Paper,  10  x.  6£ 
ins.,  565  pp.,  illus.     Paris,  Vve.  Ch.  Dunod,  1903.     19  fr.  50. 

For  each  of  the  above  named  fuels,  one  will  find  in  this  work  information  on  its 
physical  and  chemical  properties,  its  method  of  .preparation,  its  use  in  the  various 
furnaces  for  stationary  boilers,  locomotives  or  ships,  its  conditions  of  purchase,  etc. 
The  Contents  are:  Houille— Definition  et  classification  de  la  houille;  Essais  et  analyse  de 
la  houille;  Sortage  de  la  houille;  Lavage  de  la  houille;  Definition  industrielle  et  achat 
de  la  houille;  Emploi  de  la  houille  dans  les  foyers;  Foyers  speciaux;  Petrole—  Proprietes 
et  analyse  du  petrole:  Emplois  du  petrole;  Bruleurs  a  petrole;  Lignite,  Tourbe,  Bois, 
Charbon  de  Bois;  Agglomeres— Generalites  but  les  agglomeres;  Ou tillage  des  usines  a 
agglomeres;  Appareils  de  compression:  Coke— Definition  et  emploi  du  coke;  Theorie  de 
la  carbonisation;  Fours  a  coke;  Recuperation  des  sous-produits;  Installation  et  prix  de 
revient  d'une  usine  de  carbonisation.    There  is  an  index  of  thirty-five  pages. 

A  TEXT-BOOK  ON  FIELD  ASTRONOMY  POR  ENOINEERS. 

By  George  C.  Comstook.  Cloth,  9x6  ins.,  10  +  202  pp.,  illus.  New 
York,  John  Wiley  &  Son,  1902.     $2.50. 

The  author  states  in  the  preface  that  the  present  work  is  not  designed  for  profes- 
sional students  of  astronomy,  but  for  another  and  larger  class,  found  in  technical 
colleges.  For  many  years  it  has  been  the  author's  duty  to  teach  to  students  of  engi- 
neering tne  elements  of  practical  astronomy,  and  the  experience  thus  acquired  has 
gradually  produced  the  unconventional  views  that  find  expression  in  the  present  text, 
and  which,  to  the  author's  mind,  are  justified  by  the  following  considerations:  In  the 
engineering  curriculum,  work  in  astronomy  is  a  part  of  the  technical  and  professional 
training  of  students  who  have  no  purpose  to  become  astronomers.  Under  these  circum- 
stances it  seems  to  be  the  duty  of  the  instructor  to  select  for  presentation  those  parts  of 
astronomical  practice  most  closely  related  to  the  work  of  the  future  engineer,  and, 
with  reference  to  the  narrow  limits  of  time  allotted  the  subject,  to  keep  in  the  back- 
ground many  collateral  matters  that  are  of  primary  interest  and  importance  to  the 
student  of  astronomy  as  a  science.  The  chapter  headings  are:  Introductory;  Co-ordi- 
nates; Time;  Corrections  of  Co-ordinates;  Rough  Determinations;  Approximate  Deter- 
minations; Instruments;  Accurate  Determinations;  The  Transit  Instrument;  Biblio- 
graphy; Orientation  Tables.    There  is  an  index  of  two  pages. 

METALLURGICAL  LABORATORY  NOTES. 

By  Henry  M.  Howe.  Cloth,  9x6  ins.,  14  -j- 140  pp.,  illus.  Boston 
Testing  Laboratories,  Boston,  1902.     $2.50. 

The  preface  states  that  metallurgical  laboratory  instruction  of  the  established  type 
reproduces  the  industrial  metallurgical  processes,  each  as  a  whole,  and  with  such  fidelity 
to  actual  industrial  practice  as  is  attainable.  This,  which  may  be  called  "  Applied  Metal- 
lurgy," seems  to  the  author  to  have  inherent  and  very  grave  faults.  In  its  place  he  has 
tried  to  work  out  a  system  of  what  may  be  called  "  Theoretical,1'  or  better,  fl  Analytical 
Metallurgy,"  with  the  aim  of  teaching,  not  individual  processes  each  as  a  whole,  but  the 
individual  underlying  principles  each  by  itself.  This  he  has  tried  to  do  by  means  of  a 
series  of  distinct  experiments,  each  testing  directly  one  or  more  of  these  principles. 
With  a  few  exceptions,  all  the  experiments  in  this  work  have  been  carried  out  either  in 
the  metallurgical  laboratory  of  the  School  of  Mines  of  Columbia  University,  or  earlier  in 
the  author's  private  laboratory,  and  either  exactly  in  the  form  here  given,  or  in  a  form 
of  which  the  present  is  a  slight  modification.  The  tables  at  the  end  of  the  work  are 
original  here,  except  that  of  atomic  weights,  and  also,  except  in  a  sense,  that  of  melting 
points  of  silicates.    The  book  is  divided  into  the  following  groups:  Squad  Experiments 
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and  Others  for  a  Short  Course  In  Metallurgy;  Pyrometry  anu  Calorlxnetry;  Melting 
Points  of  Silicates,  etc.;  Properties  of  Refractory  Materials;  Iron  and  Steel;  Non-Ferrous 
Metals.    There  is  an  index  of  ten  pages. 

THE  PHYSICAL  GEOGRAPHY  OP  NEW  YORK  STATE. 

By  Ralph  8.  Tarr.  (With  a  Chapter  on  Climate  by  E.  T.  Turner.) 
Cloth,  9x6  ins.,  13  +  397  pp.,  illns.  New  York,  The  Macmillan 
Company,  1902.     $3.50  net. 

It  is  stated  ip  the  preface  that  at  the  request  of  the  American  Geographical  Society 
in  1896  a  series  of  articles  on  the  Physical  Geography  of  New  York  State  was  undertaken 
and  the  first  numberappeared  in  the  Bulletin  of  the  American  Geographical  Society, 
Vol.  XXVIII,  1896.  When  these  articles  were  begun,  it  was  the  authors  intention  to 
cover  the  subject  in  two  or  three  numbers;  but,  after  getting  well  into  the  task,  it 
became  evident  that  to  cover  the  field  with  any  fulness  would  require  many  more 
chapters  than  were  originally  planned,  and,  therefore,  the  series  lengthened  out  to 
twelve  numbers  and  was  not  finished  until  1900.  In  the  main,  this  book  w  a  reprint  of 
the  articles  as  published  in  the  Bulletin,  but  there  has  necessarily  been  a  certain  amount 
of  revision,  and  many  of  the  more  important  papers  on  the  subject  which  have  appeared 
since  the  original  publication  of  the  articles  nave  been  made  use  of,  so  that  the  biblio- 
graphy has  been  brought  down  to  date.  The  chapter  headings  are:  General  Physical 
Features;  The  Mountains  of  the  State:  Plains  and  Plateaus;  The  Influence  of  the 
Glacial  Period  upon  Topography;  The  Rivers  of  New  York;  Lakes  and  Swamps;  Origin 
of  the  Basins  of  the  Great  Lakes;  Post-Glacial  History  of  the  Great  Lakes;  Niagara; 
The  Shore  Lines:  The  Climate  of  New  York;  Influence  of  Physiographic  Features  upon 
the  Industrial  Development  of  the  State.    There  is  an  index  of  eight  pages. 

EXPERIENCES  SUR  LE  TRAVAIL  DES  MACHINES-OUTILS. 

Pour  les  Motanx.  Par  0.  Codron.  Paper,  11  x  9  ins.,  2  -f  267 pp., 
illnn.     Paris,  Vve.  Ch.  Dnnod,  1902.     12  fr.  50. 

The  preface  states  that  while  continuing  the  publication  of  the  study  on  the  work  of 
machine-tools  in  the  Bulletin  de  la  Sodiii  cr  Encouragement  pour  V  Industrie  National* , 
the  author  has  thought  that  it  would  be  advantageous  to  bring  out  the  first  part  for  the 
public  who  are  interested  In  mechanical  arts.  The  Contents  are:  Meulage;  Essais  de 
meulage;  Essais  a  vitesse  variable:  Tranchage;  Tranchage  du  plomb,  du  cuivre,  du  fer, 
de  Paoier;  Emploi  de  deux  tranches  opposees:  Coupe  avec  deux  molettes;  Essais  de 
penetration  d'une  molette;  Coupe  des  tubes;  Cisalllage;  Essais  de  cisaillage  a  lames 
parelleles;  Cisalllage  avec  lames  obliques;  Essais  de  cisaillage  avec  lames  circulalres; 
Essais  de  cisailleuse;  Essais  de  cisaillage  a  vitesse  variable;  Poinoonnage;  Formes  des 
debouchures;  Essais  divers  de  poinoonnage:  Poincons  aleseurs  a  tranchants  multiples; 
Alesage  de  trous  a  la  broche;  Poinoonnage  progressif  ;  Essais  de  poinconneuse;  Essais 
de  pomoonnage  multiple;  Poinoonnage  sur  epaisseurs  multiples. 

Gifts  have  also  been  received  from  the  following: 

Allentown,  Pa.-Water  Commrs.    1  pam.  Mass.-State  Board  of  Health.  1  bound  vol. 

Am.  Inst,  of  Min.  Engrs.    1  bound  vol.,  1  ^fcl"*'  9*rar2  H-    *  P*™-    M 

pam  Philadelphia    Commercial     Museum.      1 

Am.  Iron  &  Steel  Assoc.    1  pam.       ^  _,   bound  vol. 

Assoc,  des  Ingenieurs  Sortis  des  dcoles  Piatt,  T.C.    6  pam. 

Speciales  de  Gand.  1  pam.  Port  Huron,  Mich.— Water  Commrs.  1 
Bere  Walter  G.    1  vol.  pam. 

Betts,E  BT  1 ipam.  Reading,  Pa.-Dept.  of  Water.    3  bound 

Cal.  Acad,  of  Sci.    1  vol.  D    ▼ol .        . 

City  Record.    8  bound  vol.  Rose  Techmc.    8  vol. 

Dnluth,  Minn.-Board  of  Public  Works.    1  Saegmuiler,  G.  N.    1  pam. 

vol  Smithsonian  Inst.    1  hound  vol. 

Ehrlich,  F.    1  pam.  Southern  Pacific  Co.    1  bound  vol. 

Fletcher,  Robert.     1  vol.,  82  pam.  Thonindustrie-Zeitung.     1   bound  vol.,    1 
Fritch.  L.  C.    8  pam.  v°l« 

Ootahall,  W.  C.    sTpara.  U.  S.  Bureau  of   Foreign  Commerce.    1 
Great  Britain— Patent  Office.     1    vol.,   5  pam. 

VBm  U.  8.  Bureau  of  Insular  Affairs.    8  vol. 

Hammond    Bequest.     112  bound  vol.,  9  U.  S.  Civil  8ervice  Comm.    1  bound  vol, 


pam, 


U.  S.  Commr.  of  Education.    1  bound  vol. 


India—Director  of  Ry.  Construction.     8     U.  S.  Corps  of  Engrs.    8  bound  vol.,  14 


pam. 


specif. 


Indian  Midland  Ry.  Co.,  Ltd.    Ipam.  U.  8.  Dept.  of  Agri. ,    1  pam. 

Inst  of  Marine  Engrs.    1  bound  vol.  U.   S.    Interstate  Commerce    Comm.      1 
Kansas  City  Southern  Ry.  Co.    1  pam.  J30*"1?  *o1-       „      *     ,      , 

Koninklijk  Inst,  van  Ingenieurs.    lOnos.  U.  S.  Lighthouse  Board.    1vol. 

Lathbury  &  Spackman.    1  bound  vol.  U.  S.  Naval  Observatory-    1  P»ni. 

London,  Ont.— Water  Commrs.    1  pam.  U.  S.  Navy  Dept,    1  vol.,  2  pam. 

Louisville  A  Nashville  R.  R.  Co.    Ipam.  U.  S.  Ordnance  Office.    Ipam. 

Mailloux,  C.  O.    1  bound  vol.  Univ.  of  111.  Agri.  Exper.  Station.    3  pam. 

Maine  Central  R.  R.  Co.    1  pam.  Univ.  of  Texas  Mineral  Surv.    1  map. 
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BY  PURCHASE, 

Treatise  on  Wooden  Trestle  Bridges  According  to  the  Present 

Practice  on  American  Railroads.  By  Wolcott  0.  Foster.  Third  Re- 
vised and  Enlarged  Edition.  New  York,  John  Wiley  &  Sons;  London, 
Chapman  &  Hall,  1902. 

The  Practical  Application  of  the  Slide  Valve  and  Link  Motion  to 

Stationary,  Portable,  Locomotive,  and  Marine  Engines,  with  New  and 
Simple  Methods  for  Proportioning  the  Parts.  By  William  S.  Auchin- 
closs,  M.  Am.  Soc.  C.  E.  Fourteenth  Edition,  Revised.  New  York, 
D.  Van  Nostrand  Company,  1901. 

Annual  Report  off  the  Signal  Officer  to  the  Secretary  of  War, 

1871,  73,  74.     Washington,  Government  Printing  Office,  1871-74. 

Army  Meteorological  Register  for  Twelve  Years,  from  1843  to 

1854,  Inclusive,  Compiled  from  Observations  Made  by  the  Officers  of 
the  Medical  Department  of  the  Army,  at  the  Military  Posts  of  the 
United  States,  Prepared  under  the  Direction  of  Brevet  Brigadier 
General  Thomas  Lawson,  Surgeon  General,  United  States  Army. 
Washington,  A.  O.  P.  Nicholson,  1855. 

Topographical  Drawing  and   Sketching,  Including  Applications 

of  Photography.  By  Henry  A.  Reed.  Fourth  Edition— Revised  and 
Enlarged.  2  vol.  New  York,  John  Wiley  &  Sons;  London,  Chapman 
&  Hall,  Limited,  1897. 

Building  Construction  and  Superintendence.  By  F.  E.  Kidder. 
Part  I,  Fifth  Edition.  Part  II,  Fourth  Edition.  New  York,  William 
T.  Comstock,  1902. 

Architects'  and  Builders'  Pocket- Book  off  Mensuration,  Geometry, 

Geometrical  Problems,  Trigonometrical  Formulas  and  Tables, 
Strength  and  Stability  of  Foundations,  Walls,  Buttresses,  Piers, 
Arches,  Posts,  Ties,  Beams,  Girders,  Trusses,  Floors,  Roofs,  etc.  In 
Addition  to  which  is  a  Great  Amount  of  Condensed  Information: 
Statistics  and  Tables  Relating  to  Carpentry,  Masonry,  Drainage, 
Painting  and  Glazing,  Plumbing,  Plastering,  Roofing,  Heating  and 
Ventilation,  Weights  of  Materials,  Capacity  and  Dimensions  of  Noted 
Churches,  Theatres,  Domes,  Towers,  Spires,  etc. ,  with  a  Great  Varietv 
of  Miscellaneous  Information.  By  Frank  E.  Kidder.  Thirteenth 
Edition,  Revised  and  Greatly  Enlarged.  New  York,  John  Wiley  & 
Sons;  London,  Chapman  &  Hall,  Limited,  1902. 


SUMMARY  OF  ACCESSIONS. 

From  December  10th,  1902,  to  January  13th,  1903. 

Donations  (including  61  duplicates  and  10  numbers 

completing  volumes  of  periodicals) 269 

By  Purchase 10 

Total 279 
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MEMBERSHIP. 


ADDITIONS. 


MEMBERS.  Dateof 

Binxlbt,  Geobob  Holland  Membership. 

Engr.  and  Mgr.,  By.  Dept.,  Eohler  Bros.,  Contr.  Elec. 

Engn.,  1804  Fisher  Bldg.,  Chicago,  111 Oct.  1,  1902 

Gerry,  Mabtin  Hughes,  Jr. 

Chf.  Engr.    and  Gen  Mgr.,  Missouri  River j  Assoc.  M.    June  6,  1900 

Power  Co.,  Helena,  Mont 1  M.  Deo.  3,  1902 

Looms.  Thomas  Hooker 

Steubenville,  Ohio Jan.    7,  1903 

Mabtin,  William 

U.  S.  Asst  Engr.,  14  Sprague  Ave.,  Bellevne,  Pa :    Jan.    7,  1903 

Nealb,  John  Colwell 

Structural  Engr.,  Carnegie  Steel  Co.,  419  Carnegie  Bldg., 

Pittsburg,  Pa Jan.    7,1903 

Perkins,  Edmund  Taylor 

Needles,  Cal Dec.  3,  1902 

ASSOCIATE  MEMBERS. 

Adby,  William  Henry  ( Jun.  Feb.  4, 1896 

181  Main  St.,  Oohoes,  N.  Y I  Assoc.  M.    Dec.  3,  1902 

Bbioht,  Charles  Edwin 

9th  and  Indiana  Ave.,  West  Nashville,  Tenn  Dec.  3,  1902 

Connor,  William  Dubwabd 

1st  Lieut.,  Corps  of   Engrs.,   U.    S.   A.,  New  London, 

Conn Jan .  7,  1903 

DrKHB,  Alvah  Benjamin 

Box  2206,  San  Pedro,  Cal Nov.  5,  1902 

Ford,  Frederick  Luther 

City  Engr,  City  Hall,  Hartford,  Conn Oct.  1,  1902 

French,  Frank  Chauncey 

Humboldt,  Iowa Dec.  3,  1902 

Frost,  Geobob  Shzbman  , 

Asst.  Engr.,  Rapid  Transit  R.  B.  Comm.,  147  )  JAnn'     „     fDnl  *'  J™ 

Columbus  Ave.,  New  York  City \  A880C- M'    Jftn-  7*  1903 

Harper,  Austin  Cubttn 

Care,  U.  S.  Engr.'s  Offioe,  Norfolk,  Va Jan.    7,  1903 

Hazen,  William  NeLbon 

(Frink  &  Hazen,  Cons,  and  Contr.  Engrs.),  711  Union  Trust 

Bldg.,  Baltimore,  Md Deo.  3,  1902 

Nichols,  Henry  Francis 

Mgr.  and  8upt.  Engr.,  James  Hill  &  Sons,  63  Grenfell  St., 
Adelaide,  South  Australia Oct.  1,1902 
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Date  of 
Membership. 

Schwiebh,  Fbedebick  William  (  Jun.  June  5,  1900 

751  Amsterdam  Ave.,  New  York  City <  Assoc.  M.  Jan.   7,  1903 

Waldron,  Samuel  Payson 

Engr.,  Berlin  Plant,  Am.  Bridge  Co.,  East  Berlin,  Conn. . .  Jan.  7,  1903 

JUNIORS. 

Belches,  Wallace  Edwabd 

Structural  Draftsman,  Am.  Bridge  Co.,  Penooyd,  Pa Dec.  2,    1902 

Hume,  Shtbley  Clarke 

521EastState  St.,  Ithaca,  N.  Y Oct.   7,  1902 

Madden,  John  Henry 

Asst.  Engr.,  Bapid  Transit  R.  B.  Comni.,  308  West  30th 

St.,  New  York  City Oot.  7,  1902 

Pabahchos,  Geoboe  Theophaneb 

Begie  des  Tabacs,  Galata,  Constantinople,  Turkey Nov.  4,  1902 

Richardson,  Clinton  Leroy 

With  The  United  Coke  &  Gas  Co.,  Broadway  Chambers 
Bldg.,  New  York  City Sept.  2, 1902 

RESIGNATIONS. 


ASSOCIATE  MEMBERS. 

Date  of 
Resignation. 

Barney,  Samuel  Eben Deo.  31,  1902 

Pitnbt,  Frederic  Vernon Dec.  31,  1902 

Shepard,  Henry  Hudson Dec.  31,  1902 

associate. 

McKdcney,  Robert  Cochban Dec.  31,  1902 

JUNIORS. 

Faboubson,  Mark  Dec.  31,  1902 

Lewis,  Mtbon  Henry Dec.  31,  1902 

Mabtell,  Edwabd  Iba. Deo.  31,  1902 

Nostband,  Geoboe  Elbert Dec.  31,  1902 

Wadswobth,  Geoboe  Reed Dec.  81,  1902 
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MONTHLY  LIST  OF   RECENT  ENQ1NEERINQ  ARTICLES  OF 

INTEREST. 

(December  10th,  1902  to  January  13th,  1903.) 

Note. — This  list  is  published  for  the  p  urpose  of  placing  before  the  members 

of  the  Society  the  titles  of  current  engineering  articles,  which  can  be  referred 

to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 

the  publication    directly,    the    address    and  price  being   given  wherever 

possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list 


(i)  Journal.  Assoc.  Eng.  8oc.,  26?  Sooth 
Fourth  8t.,  Philadelphia,  Pa.,  80c. 

(a)  Proceedings,  Ens:.  Club  of  Phila.,  1182 
GIrard  St.,  Philadelphia,  Pa. 


(3)  Journal.   Franklin 
phia,  Pa.,  60c. 


Inst.,   Philadel- 


(4)  Journal,  Western  Soc.  of  Engrs.,  Mo- 
nadnock  Block,  Chicago,  111. 

(g)  Transactions,  Can.  Soc.  C.  E.,  Mon- 
treal, Que.,  Canada. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  50c. 

(7)  Technology  Quarterly,  Mass.    Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine,   New  York 

City,  25c. 
(io)  Gassier" s  Magazine,  New  York  City, 

25c. 
(ii)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  25c. 
da)  The  Engineer  (London),  International 

News  Co..  New  York  City,  86c. 

(13)  Engineering  News,  New  York  City, 

(14)  The  Engineering  Record,  New  York 

City,  12c. 

(15)  Hailroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  86c. 

(18)  Railway  and  Engineering  Review, 

Chicago,  HI.,  10c. 

(10)  Scientific  American  Supplement,  New 
York  City,  10c. 

(*©)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land, 25c. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England,  25c. 

(aj)  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Pa. 

(a4)  American  Oas  Light  Journal,  New 
York  City,  10c. 

(aj)  American  Engineer,  New  York  City, 
90c. 

(a6)  Electrical  Review,  London,  England. 

(a7)  Electrical  World  and  Engineer,  New 
York  City,  10c. 

(a8)  Journal,  Hew  England  Water-Works 
Assoc.,  Boston,  $1. 

(a?)  Journal,  Society  of  Arts,  London, 
England,  15c. 

(30)  Annates   des    Travaux  Publics  de 

Betgique,  Brussels,  Belgium. 

(31)  Annates  deV  Assoc,  dee  Ing.  Sortie 

dee  EcSle  Spsciales  de  Qand,  Brus- 
sels, Belgium. 


m 

(38) 


(3a)  Memoires  et  Compte  Rendu  des  Tra- 
vaux, Soc.  Ing.  Civ.  de  Franoe. 
Paris,  France. 

Le  CHnie  Civil,. Paris,  France. 

Portefeuille  Economique  dee  Ma- 
chines, Paris,  France. 

NouveUes  Annates  de  la  Construc- 
tion, Paris,  France. 

La  Revue  Technique,  Paris,  France. 

Revue  de  Mecanique,  Paris,  France. 

Revue  Generate  des  Chemins  de  Fer 
et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

111.,  10c. 

(40)  Railway  Age,  Chicago.  111.,  10c. 

(41)  AfodernJfaeAin«ryTChicago.ni.,10c. 
(43)  Transactions,  Am. Inst.  Elec.  Engrs., 

New  York  City,  50c. 

(43)  Annales   des   Ponts   et   Chaussees, 

Paris,  France. 

(44)  Journal,    Military  Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  50c. 
(43)  Mines  and  Minerals,  Scranton,  Pa., 
20c. 

(46)  Scientific  American,  New  York  City, 

8c 

(47)  Mechanical  Engineer,    Manchester, 

England. 
(34)  Transactions,  Am.  Soc.  C.  E.,  New 

York  City,  $5. 
(33)  Transactions,  Am.  Soc.  M.  E.,  New 

York  City,  $10. 

(36)  Transactions,  Am.  Inst.  Min.  Engrs., 

New  York  City,  $5. 

(37)  Colliery  Guardian,  London,  England. 

(38)  Proceedings,  ™ —    ~"    **    **~    "n 


80c.   W.  Pa.,  410 
Penn  Ave.,  Pittsburg,  Pa.,  50c. 

(59)  Transactions,  Mining  Inst,  of  Scot- 

land, London  and  Newcastle-upon- 
Tyne. 

(60)  Municipal   Engineering,    Indianap- 

olis, Ind.,  25c. 

(61)  Proceedings,  Western  Railway  Club, 

226  Dearborn  St.,  Chicago,  111.,  25c. 
(6a)  American  Manufacturer  and  Iron 
World,  50  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power,  New  York  City,  20c. 

(63)  Official  Proceedings,  New  York  Rail- 
road Club,  Brooklyn,  N.  Y.,  15c. 

(66)  Journal  of  Oas  Lighting,  London, 
England,  15c. 

(67)  Cement  and  Engineering  News,  Chi- 

cago, 111.,  85c7 

(68)  Mining  Journal,  London,  England. 
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LIST  OP  ARTICLES. 
Bridge. 

The  Footbridge  for  Building  the  Cables  of  the  New  East  River  Bridge.*  Isaac  Harby  , 
Jun.  Am.  Soc.  C.  E.    <*a>  Vol.  xlix. 

The  Widening  of  London  Bridge.*    ( u)  Serial  beginning  Dec.  5. 

Construction  of  the  Blackwelrs  Island  Bridge  Masonry.*    (14)  Dec.  18. 

The  Design  and  Construction  of  a  60-f t.  Brick  Arch.  Culvert  across  Rock  Creek,  Wash- 
ington, D.  C*    W.  J.  Douglas.    (13)  Dec.  85. 

Bridges,  Foundations,  Docks  and  Water  Fronts,  and  Canals.  William  H.  Burr,  H.  Am. 
Soc.  C.  E.,  M.  Inst.  C.  E.    (14)  Jan.  8. 

The  Monongahela  Bridge.*    (14)  Jan.  8. 

The  Mississippi  River  Bridge  at  Thebes.*    ( 15)  Jan.  9. 

Le  Pont  Monumental  de  Luxembourg.*    Cart.    (38)  Dec. 

NouvelleMethode  pour  leCalcul  du  Moment  de  Resistance  i/v  et  du  Moment  d'lnertie  I.* 
Lathuilliere.    (36)  Dec.  10. 

Electrical. 

Investigations  of  Magnetic  Fields,  with  reference  to  Ore-Concentration.*    Walter  R. 

Crane.    (56)  Vol.  xxxi. 
Three- Wire  System  for  Variable  Speed  Motor  Work.*    N.  W.  Storer.    (4a)  Dec. 
The  Storage  Battery  as  a  Factor  in  Speed  Control.*    H.  Blohs.    (4a)  Dec. 
Electrically  Operated  Coal  Hoist  Having  Variable  Speed  Control.*    P.  O.  Keilholts. 

(43)  Dec.  *^ 

A  Series-Parallel  System  of  Speed  Control.*    Geo.  W.  Fowler.    (4a)  Dec. 
Multiple  Unit,  Voltage  8peed  Control  for  Trunk  Line  Service.*     H.  Ward  Leonard. 


(43)  I>«c. 
ntinui 


Continuous  Current  Motors  for  Machine  Tools.    F.  O.  Blackwell.    (42)  Dec. 

The  Use  of  Specification  Forms  in  Designing  Dynamo  Machinery,  and  the  Design  of  a 

Rotary  Converter.    H.  M.  Hobart.    06)  Serial  beginning  Dec.  5. 
Commutation.*    H.  St.  Hill  Mawdsley.    (36)  Dec.  5. 
Experiments  on  the  Application  of  Pupin's  System  to  Telephone  Circuits.    F.  Dolezalek 

and  A.  Ebeling.    (36)  Serial  beginning  Dec.  12. 
Cleckheaton  Electricity  Works  *    (36)  Dec.  18. 

Imperial  Telegraphic  Communication.    Charles  Bright.    (36)  Serial  beginning  Dec.  12. 
Some  Limits   in   Heavy  Electrical  Engineering.     James  Swinburne.      (Presidential 

address  delivered  before  the  Inst,  of  Elec.  Engrs.;    (47)  Serial  beginning  Dec.  18; 

(a6)  Serial  beginning  Dec.  12. 
Electrochemical  Oscillations.*    Woolsey  McA.  Johnson,    (a;)  Dec.  18. 
Three-Phase  Measurements.*    A.  8.  McAllister.    (37)  Dec.  18. 

The  Manufacture  and  Layingof  the  Vera  Cruz-Frontera-Campeche  Cable  for  the  Mexi- 
can Government  *    (37)  Dec.  18. 
Photometry  for  Electricians  and  Others.    (66)  Dec.  18. 
On  Electrons.     Sir  Oliver  Lodge.     (Paper  read  before  the  Inst.  Elec.  Engrs.)     (a6) 

Serial  beginning  Dec.  19. 
A  Criticism  of  Present- Day  Continuous-Current  Designing.  Fred.  W.  Davie*.   (36)  Dec. 

19. 
Electric  Heating  and  Lighting  in  the  Carnegie  Residence,  New  York.*    (14)  Dec.  20. 
Ruhmer'8  Photoelectric  Telephone.*    A.  Frederick  Collins.    (37)  Dec.  20. 
A  French  System  of  Train  Lighting.    P.  Letheule.    (37)  Dec.  20. 
Electric  Furnaces.*    Clinton  Paul  Townsend.    (37)  Dec.  20. 
The  New  Niagara  *    Waldon  Fawcett.    (63)  Dec.  25. 
Electricity  Supply  in  Hastings.*    (36)  Dec.  26. 

The  Designing  of  Polyphase  Current  Machines.    David  Bergman.    (36)  Dec.  26. 
800-Kilowatt  Triple-Expansion  Engine;  Middlesbrough  Electricity  Works.*    ( 1 1 )  Dec.  36. 
Electrically-Driven  Quadruple!  Two-Stage  Compressors,  and  Their  Use  for  Power  in 

Collieries  and  Works.*    <  33 )  Dec.  26. 
The  Cauvery  Falls  Power  Plant.*    (16)  Dec.  27. 

The  Cost  of  Electric  Light  and  Electric  Light  Plants  to  Municipalities.    (60)  Jan. 
Electric  Power  in  India;  the  Cauvery  Falls  Plant.*    J.  H.  Thomson.    ( 10)  Jan. 
Economy  in  the  Design  and  Operation  of  Electric  Plants.*    Percival  Robert  Moses.    (9) 

Jan. 
Modern  Tendencies  in  the  Development  and  Transmission  of  Power.    John  Joseph 

Flather,  M.  Am.  Soc.  M.  E.    (Abstract  of  Vice-Presidential  address  before  the  Am. 

Assoc,  for  the  Advancement  of  Science.)    (13)  Jan.  1. 
The  Water  and  Electric  Power  System  of  the  Pike's  Peak  Power  Co.,  Col.*    W.  P. 

Hardesty.    (13)  Jan.  1. 
Electrical  Distribution  of  Power  in  Industrial  Establishments.    Cecil  P.  Poole,  Member 

A.  I.  E.  E.    (14)  Jan.  8. 
The  First  Three-Phase  Power  Transmission  Plant  in  Europe  Operating  at  80,000  Volts.* 

H.  Behn-Kschenburg.    (37)  Jan.  8. 
Analysis  of  Wireless  Telegraph  Systems  in  1902.*    A.  Frederick  CollinR.    (37)  Jan.  8. 
The  Relation  of  Synchronous  Impedance  to  the  Impedance  at  Standstill.    F.  Townsend, 

H.  P.  Freund,  w.  I.  Reich.    (37)  Jan.  8. 
Telephone  Cables,  Cost  of  Cable  Wire  Plant.    Arthur  V.  Abbott.    (37)  Jan.  3. 
New  Shops  of  the  British  Thomson-Houston  Company.*    (37)  Jan.  8. 
Three-Phase  Measurements.    Leslie  L.  Perry.    (37)  Jan.  10. 
Electrical  Supply  from  Water  Power  at  Portland,  Me.*    Alton  D.  Adams.    (37)  Jan.  10. 

*  Illustrated. 
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BlectHcal-(Coatlaaed). 

Mesure  a  P  Aide  d'un  Seul  Wattmetre  de  la  Puissance  dans  lee  Circuits  ftquilibres,  Par- 

oourus  par  des  Oourants  Triphases.*   Octave  Robert.    (36)  Dec.  10. 
Station  Centrale  tilectrique  de  Waterside  a  New  York.*   F.  Drouin.    (33)    Dec.  18. 
Fabrication  des  Lampes  Electriques  a  Incandescence.*    Paul  Razous.    (33)  Dec.  90. 

Marine. 

The  Submarine  Torpedo  Boat,  Protector*    da)  Dec.  IS. 

The  Application  of  Turbine  Propulsion  to  Passenger  Vessels.*  Herbert  C.  Fyfe.  (46) 
Dec.  18. 

The  New  German  Battleship  H*    da)  Dec.  19. 

The  New  Armored  Cruisers  Tennessee  and  Washington*    (46)  Dec.  27. 

Developing  a  British  War  Post,  an  Outlay  of  £4  600  000  (Dockyard  Extension).*  Archi- 
bald 8.  Hurd.    (10)  Jan. 

A  New  Departure  in  British  Cruiser  machinery;  the  Question  of  Water-Tube  Boilers.* 
George  Halliday.    (10)  Jan. 

The  New  York  Shipbuilding  Company's  Plant,  Camden,  N.  J.*  (14)  Serial  beginning 
Jan.  8. 


Problems  in  Hauling  and  Hoisting.    Alexander  Bowie.    (56)  Vol.  xxxi. 

The  D'Auria Air-Compressor*    Henry  G.  Morris.    (56)  vol.  xxxi. 

Machine  Tools.    Jas.  K.  Cullen.    (61)  Nov.  18. 

Some  Notes  on  Several  Types  of  Mantles  for  Incandescent  Gas  Burners.  William  Lin- 
coln 8mith.    (7)  Dec. 

The  Operation  of  Machine  Shops  by  Individual  Electric  Motors.  R.  T.  E.  Lozier.  (4a) 
Dec. 

Modern  Handling  of  Iron  Ore  on  the  Great  Lakes.*    Jas.  N.  Hatch.    (4)  Dec. 

Foundry  Management  in  the  New  Century.*  Robert  Buchanan,  (o)  Serial  beginning 
Dec. 

Flow  Through  Centrifugal  Pumps.*  Jas.  Alex.  Smith.  (Paper  read  before  the  Vic- 
torian Inst,  of  EngrsT)    (11)  Dec.  5. 

The  Brunck  System  of  By-Product  Coke  Ovens .*    (aa)  Dec.  5. 

The  Lighting  of  Factories.  J.  H.  Brearley.  (Paper  read  before  the  Manchester  District 
Inst.  of  Gas  Engrs.)    (66)  Dec.  0. 

BriquetUng  Iron  Flue  Dust.    R.  M.  Hale,    (ao)  Dec.  11. 

High  Pressure  Steam  Piping.  William  Andrews.  (Paper  read  before  the  Engine 
Builders1  Assoc,  of  the  U.  S.)    (ao)  Dec.  11;  (13)  Dec.  18;  (14)  Dec.  00. 

Manufacture  of  Steel  by  the  Electric  Furnace.*  (Translation  with  additions  by  P.  McN. 
Bennie  of  a  paper  by  Charles  Bertolus  of  St.  Etienne,  France,  entitled, "  Notice  sur 
la  Fabrication  des  Aciers  au  Four  Electrique.")    (ao)  Dec.  11. 

The  Use  of  Blast  Furnace  Gas  in  Gas  Eosrines.*  Cecil  A.  Cochrane.  (Abstract  of  Paper 
read  before  the  Cleveland  Inst.  Engi-s.)  (aa)  Dec.  12;  (11)  Serial  beginning  Dec. 
12. 

Gas  Engine  Diagrams.*    W.  H.  Booth.    (a6)  Dec.  12. 

Gas  Engines  for  Electric  Stations.    G.  H.  Baillie.    na)  Dec.  12. 

Plant  for  Testing  Cables  at  High  Pressures.    Stuart  A.  Russell.    ( ta)  Dec.  12. 

Three  Cylinder  Compound  Gas  Engine.*    (1a)  Dec.  12. 

Compressed  Air  as  a  Transportation  Agent.*    Waldon  Fawcett.    (46)  Dec.  18. 

A  Combined  Charging  and  Drawing  Machine;  Remarkable  Figures  as  to  Labour  in  Ma- 
chine Working.*    (66)  Dec.  16. 

New  Gas-Works  for  Glyncorrwg;  a  Design  for  a  Small  Plant.*    (66)  Dec.  10. 

Water  Controlled  Forter  Reversing  Valve.*    (ao)  Dec.  18. 

Compression  of  Ingots.*  A.  Harraet.  (Paper  read  before  the  Iron  and  Steel  Institute 
of  Dflsseldorf.)    (6a)  Dec.  18. 

The  Development  of  Tool  Steel.  Edmund  L.  French.  (Read  before  Am.  Assoc,  for  the 
Advancement  of  Science.  Pittsburg.)    (6a)  Dec.  18. 

The  Double-Acting  Two-Cycle  Gas  Engine,  rolling's  Patent,    (aa)  Dec.  10. 

Gas  Engines  for  Central  Stations,    (ao)  Dec.  19. 

The  Use  of  Blast- Furnace  Gas  in  Gas  Engines.  Cecil  Cochrane.  (Abstract  of  Paper 
read  at  meeting  of  Cleveland  Inst.  Engrs.)    (57)  Dec.  19. 


Regulator  for  Air  or  Gas  Compressors.*    (47)  Dec.  20. 

(10)  D 

Steam  Turbines;  with  8pecial  Reference  to  the  De  Laval  Turbine.*    Konrad  Andersson . 


Electrically-Operated  Charging  Machines,  Hoists,  Hauling,  and  Conveying  Apparatus  in 
Iron  and  Steel  Works.*    Frank  C.  Perkins.    ( 10)  Dec.  20. 


(Paper  read  before  the  Inst,  of  Engrs.  and  Shipbuilders  in  Scotland.)    (47)  Serial 

beginning  Dec.  6;  (abstract)  (17)  Dec.  20. 
Notes  on  Recent  Experiments  with  Mechanical  Lamps.*    W.  R.  Crane.    (16)  Dec.  20. 
Cause  of  Increased  Consumption  in  Gas  and  Gasoline  Engines.  Albert  Stritmatter.  (6a) 

Dec.  25. 
Steam  Superheaters.    (6a)  Dec.  26. 


The  American  Ball  Duplex  Compound  Engine.*    (40)  Dec.  26. 

The  Future  of  Coal  Gas  and  Allied  Illuminants.  Vivian  B.  Lewes.  (39)  Serial  begin- 
ning Dec.  26. 

The  Machinery  for  the  Consett  Iron  Company's  Garesfleld  and  Derwenthaugh  Inclined 
Railway.*    (aa)  Dec.  26. 

*  Illustrated. 
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Mechantcal-(Coatlflaed). 

800- Kilowatt    Triple-Expansion    Engine;     Middlesbrough    Electricity    Works.*     (n) 

Dec.  96. 
Steel  Ball-Bearings.*    ( 1 1 )  Dec.  20. 
A  Thread-Milling  Machine*    ( is)  Dec.  86. 

Municipal  Motor  Wagons.*    Archibald  Sharp,  A.  M.  Inst.  C.  E.    (Paper  read  at  Confer- 
ence of  Engrs.  and  Surveyors,  Sanitary  Inst.  Cong.)    (47)  Dec.  27. 
Flywheel  Capacity  for  Engine-Driven  Alternators.    Walter  I.  SUchter.     (47)  Dec.  27. 
The  KoTtlng  Gas  Engine.*    (18)  Dec.  27. 
Large  Stop  Valves  for  High  Pressure  Steam.*     J.  Hamilton  Gibson.    (Paper  read 

before  the  North  of  England  Inst,  of  Engrs.  and  Shipbuilders.)    (57)  Dec.  24;  (47) 

Serial  beginning  Dec.  27. 
Water  Tube  Boilers.*    (10)  Dec.  27. 
Superheated  8team.    E.  H.  Foster,  M.  Am.  Soc.  M.  E.    (Condensed  from  paper  read 

at  meeting  of  Engine  Builders'  Assoc,  of  the  U.  S.)    (13)  Dec.  11;  (19)  Dec.  27. 
Some  Economical  Gas  Burning  Appliances*    W.  H.  Test.    (24)  Dec.  29. 
Notable  Experiences  with  blue  water  gas  at  Ilford.    (66)  Dec.  80. 
Fuel  Briquettes  in  Germany,  How  They  Are  Made  and  Used.*    Frank  H.  Mason.    (10) 

Jan. 
Cut  Gearing  and  Some  American  Machinery  for  Its  Manufacture.*     Oscar  J.  Beale. 

(10)  Jan. 
Machine  Tool  Progress,  Feeds  and  Drives.*     C.  W.  Obert.     (ag)   Serial   beginning 

Jan. 
8ome  Interesting  New  Driving- Wheel  Lathes,  Extra  Heavy  and  of  Special  Design  for 

Very  RapidCutting.*    (as)  Jan. 
The  Williams  Engine.*    (64)  Jan. 

The  Use  of  Surveying  Instruments  in  Machine  Shop  Practice.*    (41 )  Jan. 
The  Milling-Cutter  Applied  to  the  Production  of  Screw-Threads.*    (13)  Jan.  1. 
Notes  on  the  Evolution  of  the  Drop  Hammer  for  Die  Forging.    E.  W.  Merrill,  Jr.    ( 13) 

Jan.1. 
Diescher  Coal  Washing  System.    (6a)  Jan.  1. 
Steam  Engine  v*.  Internal  Combustion  Engine,  for  Electric  Power  Generating  Plants.* 

Frank  C.  Perkins.    (41)  Jan.  1. 
Smokeless  Combustion  of  Bituminous  Fuels.  W.  H.  Booth.    (Extracts  from  Paper  read 

before  the  British  Assoc. )    ( 18 )  Jan.  8. 
The  Development  of  Steam  Power  Plants.    Geo.  H.  Barrus,  M.  Am.  Soc.  M.  E.    (14) 

Jan.  8. 
The  Hult  Rotary  Steam  Engine.*    (6a)  Jan.  8. 
Some  Requirements  of  Machine  Tool  Operation;  with  Special  Reference  to  the  Motor 

Drive.*  Charles  Day.   (Condensed  from  paper  read  before  the  N.  T.  Elec.  Soc.  >  (13) 

Jan.  8;  (ao)  Jan.  8;  (15)  Jan.  9;  (37)  Jan.  10;  (35)  Jan.  2. 
New  Power  Plant,  Michigan  Central  Shops,  Jackson,  Mich.*    (18)  Jan.  10. 
Pompes  a  Grande  Vitesse.*    Leculr.    (37)  Nov. 
Tour  Vertical  Bullard.*    C37)  Nov. 

Appareils  de  Sorete  des  Chaudieres  a  Vapeur.*    F.  Sinigaglia.    (37)  Dec. 
Note  sur  les  Aeromoteurs.*    E.  Sohie.    (30)  Dec. 
Le  Funiculalre  de  Weehawken  (Utats-Unis).*    (33)  Dec.  6. 
Calculs  des  Parois  et  Armatures  des  Tuyaux  a  Section  Circulaire,  Poses  sur  le  Sol.*    C. 

Birault    (33 )  Serial  beginning  Dec.  18. 
Emploi  de  TAir  Comprime  dans  lee  Chautiers  de  Construction.*    A.  Abraham.    (33) 

Serial  beginning  Dec.  20. 

Metallurgical. 

A  Rapid  Assay  for  Silver  and  Gold  in  Metallic  Copper.    Geo.  L.  Heath.    (56)  Vol.  xxxl. 

Concentrating-Tests  and  Calculations.    Otto  F.  Pfordte.    (56)  Vol.  xxxi. 

The  Forecast  of  Chemical  Reactions  from  Algebraic  Signs  of  the  Quantities  of  Heat 

Liberated.    H.  Le  Chatelier.    (56)  Vol.  xxxi. 
Chromite  as  a  Hearth-Lining  for  a  Furnace  Smelting  Copper-Ore.*    William  Glenn. 

(56)  Vol.  xxxi. 
A  Study  of  the  Effect  of  Heat-Treatment  on  Crucible  Steel  Containing  One  Per  Cent,  of 

Carbon.*    George  W.  Sargent.    (56)  Vol.  xxxi. 
The  Constitution  of  Cast-Iron,  with  Remarks  on  Current  Opinions  Concerning  It.*    H. 

M.  Howe.    (*6)  Vol.  xxxi. 
The  Use  of  the  Tri-Axial  Diagram  in  the  Calculation  of  Slags.*  Ernest  A.  Hersam.  (56) 

Vol.  xxxi. 
An  Electric-Resistance  Magnesia  Crucible-Furnace  for  Laboratory-Use  *     Henry  M. 

Howe.    <g6)  Vol.  xxxi. 
The  Alloys  ofLead  and  Tellurium  .*    Henry  Fay  and  C.  B.  Gillson.    (56)  Vol.  xxxi. 
The  Electrical  Burner  for  Blast-Furnaces.    F.  L.  Grammar.    (56)  Vol.  xxxi. 
The  Cyanide- Assay  for  Copper.    Harry  Huntington  Miller.    (56)  Vol.  xxxi. 
Slag-Constitution,  Studied  by  Means  of  the  Tri-Axial  Diagram  with  Rectangular  Co- 
ordinates *    Harrison  Everett  Ashley.    (g6)  Vol.  xxxi. 
The  Litharge  Process  of  Assaying  Copper-Bearing  Ores  and  Products,  and  the  Method 

of  Calculating  Charges.    Waiter  G.  Perkins.    (56)  Vol.  xxxi. 
The  Alloys  of  Antimony  and  Tellurium  *    Henry  Fay  and  Harrison  Everett  Ashley. 

(56)  Vol.  xxxi. 


*  Illustrated. 


. 
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Metallurgical-  (Continued) . 

A  Crystalline  Sulphide  In  Pig-Iron.*    Andrew  Blair  and  Porter  W.  Shimer.    (56)  Vol. 

xxxi. 
The  Treatment  of  Tailings  by  the  Cyanide  Process  at  the  Athabasca  Mine,  near  Nelson, 

British  Columbia*    E.  Nelson  Fell.    (56)  Vol.  xxxi. 
Experiments  with  Bromo-Cyanogen  on  Southern  Gold-Ores.    S.  H.  Brockunier.    (36) 

Vol.  xxxi. 
The  Detection  and  Estimation  of  Small  Quantities  of  Gold  and  Silver.*  Luther  Wagoner. 


(56)  Vol.  xxxi. 
e  Magn 


The  Magnetic  Properties  of  Iron  and  Steel  at  Liquid  Air  Temperatures.*    C.  C.  Trow- 
bridge.   (6)  Nov. 
Electricity  in  Modern  Steel  Making  *    John  Hays  Smith.    (9)  Dec. 
Malleable  Cast  Iron.    H.  E.  Diller.    (From  the  Journal  of  the  Atner.  Foundrymcn's 

Amoc.)    (13)  Dec.  11. 
Aluminum  andits  Alloys.    (10)  Dec.  13. 
Effect  of  Re-heating  upon  the  Coarse  Structure  of  Over- Heated  Steel.    K.  Fredrik 

Gftransson.    ( 1  a)  Dec.  19. 
The  Treatment  of  Cupriferous  Gold  Ores  by  Cyanide  of  Potassium.    Louis  Janin,  Jr. 

(16)  Dec.  80. 
Cyaniding  Concentrates  by  Percolation  at  Choukpazat.     C.  M.  Wright.     {Paper  read 

before  the  Inst,  of  Mining  and  Metallurgy.  London.)    (16)  Dec.  2U. 
The  Copper  Assay  by  the  Iodide  Method.*    Albert  H.  Low.    (From  the  Journal,  Amer. 

Chemical  80c.,  Nov.,  1902.)    (16)  Dec.  27. 
An  Attempted  Defense  of  the  Electric  Smelting  of  Iron  Ones.    (13)    Jan.  8. 
A  New  Ore  Classifier.*    (13)    Jan.  8. 
The  Fan  Blower  and  Its  Application  to  the  Cupola  Furnace.    R.  B.  Hayward.    (Paper 

read  before  the  Pittsburgh  Foundrymen's  Assoc.)    ( ao)    Jan.  8. 

Mining. 

Douglas  Colliery.    Douglas  Jackson.    (59)  Vol.  xxv. 

Apparatus  for  Controlling  Railway-Wagons  While  Loading  at  Colliery  Screens.*    J.  D. 

Miller.    (59)  Vol.  xxv. 
Sinking  on  the  Seashore  at  Musselburgh.*    Robert  Martin.    (59)  Vol.  xxv. 
Note  on  Cheap  Gold-Milling  in  Mexico.    Henry  F.  Collins.    (56 )  Vol.  xxxi. 
The  Missouri  and  Arkansas  Zinc-Mines  at  the  Close  of  1900  *    Eric  Hedburg.    (56)  Vol. 

xxxi. 
The  Great  Oil- Well  near  Beaumont,  Texas.*    Anthony  F.  Lucas.    (56)  Vol.  xxxi. 
Some  Principles  Controlling  the  Deposition  of  Ores.    C.  R.  Van  Hise.    (56)  Vol.  xxxi. 
The  Deposits  of  Copper-Ores  at  Ducktown,  Tenn.    J.  F.  Kemp.    (56)  Vol.  xxxi. 
Remarks  on  Mine-Surveying  Instruments,  with  Special  Reference  to  Mr.  Dunbar  D. 

Scott's  Paper  on  their  Evolution  and  its  Discussion.*    H.  D.  Hoskold.    (56)  Vol. 

xxxi. 
Problems  in  the  Geology  of  Ore-Deposits.    J.  H.  L  Vogt.    (56)  Vol.  xxxi. 
The  Role  of  the  Igneous  Rocks  in  the  Formation  of  Veins.    J.  F.  Kemp.    (56)  Vol.  xxxi. 
The  Formation  of  Bonanzas  in  the  Upper  Portions  of  Gold  Veins.*    T.  A.  Rickard.    (56) 

Vol.  xxxi. 
The  Coal-Fields  of  Northeastern  China.*    Noah  Fields  Drake.    (56)  Vol.  xxxi. 
Note  on  Hydraulic  Mining  in  Low-Grade  Gravel.    William  H.  Radford.    (56)  Vol.  xxxi. 
The  Klein  Jig  and  the  Klein  Classifier.*    Ferdinand  H.  R«gel.    (56)  Vol.  xxxi. 
The  Delamar  and  the  Horn  Silver  Mines:  Two  Types  of  Ore  Deposits  in  the  Deserts  of 

Nevada  and  Utah.*    S.  F.  Emmons.    (56)  Vol.  xxxi. 
Some  Recently  Exploited  Deposits  of  Wolframite  in  the  Black  Hills  of  South  Dakota.* 

J.  D.  Irving.    <«6)  Vol.  xxxi. 
Gold-Mining  in  the  Transvaal,  South  Africa.*    John  Hays  Hammond.    (56)  Vol.  xxxi. 
The  Operation  of  the  "  Hole-Contract  "  System  in  the  Center  Star  and  war  Eagle  Mines, 


Rossland,  B.  C.    Carl  R.  Davis.    (56)  Vol.  xxxi. 
Influence  on  Country-Rock  on  Mineral  Veins.*    Walter  Harvey  Weed.    (56)  Vol.  xxxi. 
The  History  and  Conditions  of  Mining  m  the  Richmond  Coal  Basin,  Virginia.*    J.  B. 


Wood  worth.    (56)  Vol.  xxxi. 

The  Zinc-  and  Lead  Deposits  of  North  Arkansas.*    John  C.  Branner.    (56)  Vol.  xxxi. 

Diverse  Origins  and  Diverse  Times  of  Formation  of  the  Lead-  and  Zinc-Deposits  of  the 
Mississippi  Valley.    Charles  R.  Keyes.    (56)  Vol.  xxxi. 

Notes  on  the  PighDlu^an  and  Pigtao  Gold-Regions,  Island  of  Mindanao,  Philippine 
Islands.    J.  Clayton  Nichols.    <  56)  Vol.  xxxi. 

The  Camp  Bird  Gold  Mines  and  Mills.*    H.  A.  Titcomb.    (6)  Nov. 

Riedler  Pump  at  the  Sheepbridge  Company's  Collieries.*    (aa)  Dec.  5. 

The  Schuchtermann  &  Kremer  and  Humboldt  Coal-Classifying  Plant.*    (57)  Dec.  5. 

The  Waste  in  Working  Coal  in  Great  Britain.*    Walter  S.  Wardlaw.    (aa)  Dec.  5. 

Winding  and  Winding  Appliances.*    Daniel  Da  vies,    (aa)  Dec.  5. 

Coal  Screening  Plant.*    (aa)  Dec.  5. 

Gold  Dredging  in  New  Zealand;  Its  Inception,  Progress  and  Practice.*  C  Edward  Tur- 
ner.   (68)  Serial  beginning  Dec.  6. 

Prevention  of  Loss  and  Waste  in  Coal  Working.    John  Brown,    (aa)  Dec.  19. 

The  Origin  of  Coal  Dust  Explosions.  James  Tinslev.  (Paper  read  before  the  Mon- 
mouthshire Colliery  Officials*  Assoc.)    (aa)  Dec.  19. 

*  Illustrated. 
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Mining- (Continued). 

Sinking  by  the  Freezing  Method  at  Washington,  County  Durham  Mark  Ford.  (»a) 
Dec.  lv. 

Modern  Haulage  for  Mines  and  Tunnels.*    (4o)  Dec.  36. 

An  Example  of  the  Localization  of  Rich  Ore.*    T.  A.  Richard.    (16)  Dec.  27. 

The  " Dense  Air"  System  of  Power  Transmission  in  Deep  Mine  Pumping*  D.  A.  Mc- 
Neill.   (i6)Dec.27. 

Underground  wire  Rope  Haulage*    (i9)  Dec.  27. 

The  Cost  of  Hydraulic  Mining.*    (13)  Jan.  1. 

Installations  Electriques  d'  Epuisement;  Cie.  des  Mines  de  Roche- La-  Moliere  et  Firminy 
Puits  Monterrad>    J.  Loubat.    (36)  Dec.  86. 

Apparells  de  Securite  et  Postes  de  Secours  des  Mines  de  Polnisch-Ostrau  ( Autriche) .  H. 
Schmerber.    (33 )  Dec.  27. 

Miscellaneous. 

The  Regulation  of  Engineering  Practice  by  a  Code  of  Ethics:  An  Informal  Discussion. 

(34)  Vol.  xlix. 
Unit  Costs  of  Work  in  Progress:  An  Informal  Discussion.    (54)  Vol.  xlix. 
Separate  versus  General  Contracts:  An  Informal  Discussion.    (54)  Vol.  xlix. 
The  Relation  of  Electrical  and  Civil  Engineering.    Thomas  Commerford  Martin.    (14) 

Jan.  8. 
Field  Construction  in  Civil  Engineering.    Frank  W.  Skinner,  M.  Am.  Soc.  C.  E.    (14) 

Jan.  8. 
Some  Features  of  the  Labor  System  and  Management  at  the  Baldwin  Locomotive 

Works.    John  W.  Converse.    (From  the  Annals  of  the  Amer.  Acad,  of  Polit.  &  Social 

Science. )    (13)  Jan.  8. 

Municipal. 

The  Maintenance  of  Asphalt  Streets.    James  W.  Hazlehurst,  M.  Am.  Soc.  C.  E.    (54) 

Vol.  xlix. 
Fire  Extinguishment  in  Chicago:  the  Fire  Department .*    William  H.  Musham.     (4) 

Dec. 
The  Transmission  of  Fiie  Alarms.*    E.  B.  Ellicott.    (4)  Dec. 
Bituminous  Macadam  Pavement  on  Main  St.,  Everett,  Mass.    (13)  Dec.  11. 
Rail  Tracks  for  Highway  Traffic*    ( 14)  Dec.  18. 
A  Steel  Roadway  in  New  York.*    (14)  Dec.  18. 
Wood-PavinK-    B.  T.  Wheeler.    (From  Paper  presented  to  the  Am.  Soc.  of  Municipal 

Improvements.;    (19)  Dec.  20. 
City  Engineering  Problems.    John  M.  Ooodell,  Assoc.  Am.  Soc.  C.  E.    (14)  Jan.  3. 
Balayeuse-Arroseuse-Ramasseuse.*    Ch.  D.    (33)  Dec.  6. 

Railroad. 

Specifications  for  Steel  Rails.    W.  R,  Webster.    (56)    Vol.  xxxi. 

Finishing  Temperatures  for  Steel  Rails.    Robert  W.  Hunt.    (x6)  Vol.  xxxi. 

The  Abolition  of  Grade  Crossings  in  Massachusetts.  Edmund  K.  Turner.  (Read  before 
Boston  Soc.  of  Civ.  Engi-s.)    ( 1)  Nov. 

Self -Cleaning  Locomotive  Front  Ends*    Frank  Slater.    (61)  Nov.  18. 

The  Yazoo  Delta  of  Mississippi  and  Location  and  Construction  of  Its  Railroads.*  J.  N. 
Darling.    (4)  Dec. 

Tank  Cars  with  Riveted  Truss  Frames.*    (13)    Dec.  11. 

Solid  Forged  Car  Wheel.    A.W.Heinle.    (6a)  Dec.  11. 

The  Union  Pacific  Shops:  The  New  Shop  Plant  at  Omaha,  Neb.,  Which  is  Rapidly  Occu- 
pying the  Site  of  the  Old.*    (40)  Dec.  12. 

Locomotive  Lubrication.  O.  P.  Roesch.  (Abstract  of  Paper  prepared  for  presentation 
at  meeting  of  Rocky  Mt.  Ry.  Club.)    (18)  Dec.  18. 

Block  and  Interlocking  Signals .*    B.  B.  Adams.    (46)  Dec.  18. 

Methods  of  Work  on  the  Atlantic  Avenue  Improvement  of  the  Long  Island  R.  R.*  (13) 
Dec.  18. 

A  New  Railway  Block  Signal  System.*    (13)  Dec.  18. 

Self  Cleaning  and  Cinder-Catching  Smoke-Boxes  on  Locomotives.*    ( 13)  Dec.  18. 

Pneumatic  Signalling  on  the  London  and  South- Western  Railway.*    ( 1a)  Dec.  19. 

The  New  York  Centrals  Terminal  Proposition.*    (40)  Dec.  19. 

Atlantic  Type  Locomotive  for  the  Vandalia .*    ( i5 )  Dec.  19. 

Electricity  in  Railroad  Shops*  (Abstract  from  paper  presented  to  the  Central  Ry. 
Club,  by  L.  R.  Pomeroy. )    (15)  Dec.  19;  (18)  Dec.  27. 

Some  Features  of  Recent  British  and  American  Express  Locomotives.    Paul  T.  Warner. 


(15)  Dec.  19. 
eRu  *  


The  Rushmore  Lens  Mirror  Headlight.*    (1*)  Dec.  26;  (40)  Dec.  26. 

Mineral  Traffic  Engines  for  the  Norwegian  State  Railroads.*    C.  R.  King.    (15)  Dec.  26. 
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Presented  at  the  Annual  Meeting,  Januaby  21st,  1903. 


Your  Committee  on  Uniform  Tests  of  Cement  has  devoted  much 
time,  and  given  very  careful  consideration,  to  the  subject.  Frequent 
meetings  have  been  held,  and  a  number  of  investigations  carried  on, 
some  of  which  cannot  be  finally  reported  at  this  time. 

On  several  matters  which  have  been  considered,  such  as  the  substi- 
tution of  a  natural  sand  for  the  standard  quartz,  and  the  tests  for  the 
normal  consistency  and  constancy  of  volume,  the  Committee  has  not 
reached  final  conclusions. 

While  not  prepared  to  submit  a  final  report,  the  Committee  feels 
that  it  should  present  a  report  of  progress  in  order  that  the  Society 
may  be  informed  of  the  results  of  its  investigations  and  conclusions. 

In  order  to  do  full  justice  to  the  subject  under  consideration,  it 
will  be  necessary  to  compile  and  report  the  results  of  the  experiments 
now  under  way,  and  your  Committee  asks,  therefore,  that  it  be 
continued. 

Samfuno. 

1. — Selection  of  Sample. — The  selection  of  the  sample  for  testing  is 
a  detail  that  must  be  left  to  the  discretion  of  the  engineer;  the  number 
and  the  quantity  to  be  taken  from  each  package  will  depend  largely  on 
the  importance  of  the  work,  the  number  of  tests  to  be  made  and  the 
facilities  for  making  them. 

Note.— Discussion  on  this  report  is  requested. 
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2. — The  sample  shall  be  a  fair  average  of  the  contents  of  the  pack- 
age; it  is  recommended  that,  where  conditions  permit,  one  barrel  in 
every  ten  be  sampled. 

3. — All  samples  should  be  passed  through  a  sieve  having  twenty 
meshes  per  linear  inch,  in  order  to  break  up  lumps  and  remove  foreign 
material;  this  is  also  a  very  effective  method  for  mixing  them  together 
in  order  to  obtain  an  average.  For  determining  the  characteristics  of 
a  shipment  of  cement,  the  individual  samples  may  be  mixed  and  the 
average  tested;  where  time  will  permit,  however,  it  is  recommended 
that  they  be  tested  separately. 

4. — Method  of  Sampling. — Cement  in  barrels  should  be  sampled 
through  a  hole  made  in  the  center  of  one  of  the  staves,  midway  between 
the  heads,  or  in  the  head,  by  means  of  an  auger  or  a  sampling  iron 
similar  to  that  used  by  sugar  inspectors.  If  in  bags,  it  should  be 
taken  from  surface  to  center. 


Chemical  Analysis. 

5. — Significance. — Chemical  analysis  may  render  valuable  service  in 
the  detection  of  adulteration  of  cement  with  considerable  amounts  of 
inert  material,  such  as  slag  or  ground  limestone.  It  is  of  use,  also,  in 
determining  whether  certain  constituents,  believed  to  be  harmful 
when  in  excess  of  a  certain  percentage,  as  magnesia  and  sulphuric 
anhydride,  are  present  in  inadmissible  proportions.  While  not  recom- 
mending a  definite  limit  for  these  impurities,  the  Committee  would 
suggest  that  the  most  recent  and  reliable  evidence  appears  to  indicate 
that  magnesia  to  the  amount  of  5%,  and  sulphuric  anhydride  to  the 
amount  of  1.75%,  may  safely  be  considered  harmless. 

6. — The  determination  of  the  principal  constituents  of  cement — 
silica,  alumina,  iron  oxide  and  lime — is  not  conclusive  as  an  indication 
of  quality.  Faulty  character  of  cement  results  more  frequently  from 
imperfect  preparation  of  the  raw  material  or  defective  burning  than 
from  incorrect  proportions  of  the  constituents.  Cement  made  from 
very  finely-ground  material,  and  thoroughly  burned,  may  contain 
much  more  lime  than  the  amount  usually  present  and  still  be  per- 
fectly sound.  On  the  other  hand,  cements  low  in  lime  may,  on  account 
of  careless  preparation  of  the  raw  material,  be  of  dangerous  character. 
Further,  the  ash  of  the  fuel  used  in  burning  may  so  greatly  modify  the 
composition  of  the  product  as  largely  to  destroy  the  significance  of  the 
results  of  analysis. 

7. — Method. — As  a  method  to  be  followed  for  the  analysis  of  cement, 
that  proposed  by  the  Committee  on  Uniformity  in  the  Analysis  of 
Materials  for  the  Portland  Cement  Industry,  of  the  New  York  Section 
of  the  Society  for  Chemical  Industry,  and  published  in  the  Journal  of 
the  Society  for  January  15th,  1902,  is  recommended. 
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Specific  Gravity. 

8. — Significance. — The  specific  gravity  of  cement  is  lowered  by 
nnderburning,  adulteration  and  hydration,  but  the  adulteration  must 
be  in  considerable  quantity  to  affect  the  results  appreciably. 

9. — Inasmuch  as  the  differences  in  specific  gravity  are  usually  very 
small,  great  care  must  be  exercised  in  making  the  determination. 


LE  CHATELIERS  SPECIFIC  GRAVITY  APPARATUS. 
Fio.  1. 


10. — When  properly  made,  this  test  affords  a  quick  check  for  under- 
burning  or  adulteration. 

11. — Apparatus  and  Metliod. — The  determination  of  specific  gravity 
is  most  conveniently  made  with  Le  Chatelier's  apparatus.  This 
consists  of  a  flask  (Z>),  Fig.  1,  of  120  cu.  cm.  (7.32  cu.  ins.)  capacity 
the  neck  of  which  is  about  20  cm.  (7. 87  ins.)  long;  in  the  middle  of  this 
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neck  is  a  bulb  (C),  above  and  below  which  are  two  marks  (F)  and  (E); 
the  volume  between  these  marks  is  20  cu.  cm.  (1.22  en.  ins.).  The  neck 
has  a  diameter  of  about  9  mm.  (0.85  in.),  and  is  graduated  into  tenths 
of  cubic  centimeters  above  the  bulb. 

12. — Benzine  (62°  Baume*  naphtha),  or  kerosene  free  from  water, 
should  be  used  in  making  the  determination. 

13. — The  specific  gravity  can  be  determined  in  two  ways: 

(1)  The  flask  is  filled  with  either  of  these  liquids  to  the  lower  mark 
{E)t  and  64  gr.  (2.25  oz.)  of  powder,  previously  dried  at  100°  Cent. 
(212°  Fahr.)  and  cooled  to  the  temperature  of  this  liquid,  is  gradually 
introduced  through  the  runnel  (B)  [the  stem  of  which  extends  into 
the  flask  to  the  top  of  the  bulb  (<7)],  until  the  upper  mark  (F)  is 
reached.  The  difference  in  weight  between  the  cement  remaining 
and  the  original  quantity  (64  gr.)  is  the  weight  which  has  displaced 
20  ou.  cm. 

14. — (2)  The  whole  quantity  of  the  powder  is  introduced,  and  the 
level  of  the  liquid  rises  to  some  division  of  the  graduated  neck.  This 
reading  plus  20  cu.  cm.  is  the  volume  displaced  by  64  gr.  of  the 
powder. 

15. — The  specific  gravity  is  then  obtained  from  the  formula: 

„       ■«     Or      t    _^e*8n*°*  Cement 
p  ^  ~~  Displaced  Volume. 

16. — The  flask,  during  the  operation,  is  kept  immersed  in  water  in 
a  jar  (A),  in  order  to  avoid  variations  in  the  temperature  of  the  liquid. 
The  results  should  agree  within  0.01. 

17. — A  convenient  method  for  cleaning  the  apparatus  is  as  follows: 
The  flask  is  inverted  over  a  large  vessel,  preferably  a  glass  jar,  and 
shaken  vertically  until  the  liquid  starts  to  flow  freely;  it  is  then  held 
still  in  a  vertical  position  until  empty ;  the  remaining  traces  of  cement 
can  be  removed  in  a  similar  manner  by  pouring  into  the  flask  a  small 
quantity  of  clean  liquid  and  repeating  the  operation. 

18. — More  accurate  determinations  may  be  made  with  the  picnom- 
eter. 

Fineness. 

19. — Significance. — It  is  generally  accepted  that  the  coarser  particles 
in  cement  are  practically  inert,  and  it  is  only  the  extremely  fine  powder 
that  possesses  adhesive  or  cementing  qualities.  The  more  finely 
cement  is  pulverized,  all  other  conditions  being  the  same,  the  more 
sand  it  will  carry  and  produce  a  mortar  of  a  given  strength. 

20. — The  degree  of  final  pulverization  which  the  cement  receives  at 
the  place  of  manufacture  is  ascertained  by  measuring  the  residue 
retained  on  certain  sieves.  Those  known  as  the  No.  100  and  No.  200 
sieves  are  recommended  for  this  purpose. 
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21. — Apparatus. — The  sieves  should  be  circular,  about  20  cm.  (7.8T 
ins.)  in  diameter,  6  cm.  (2.36  ins.)  high,  and  provided  with  a  pan, 
5  cm.  (1.97  ins.)  deep,  and  a  cover. 

22. — The  wire  cloth  should  be  woven  (not  twilled)  from  brass  wire 
having  the  following  diameters : 

No.  100,  0.0045  in. ;  No.  200,  0.0024  in. 

23. — This  cloth  should  be  mounted  on  the  frames  without  distor- 
tion; the  mesh  should  be  regular  in  spacing  and  be  within  the 
following  limits: 

No.  100,  96  to  100  meshes  to  the  linear  inch. 
No.  20a  188  to  200    " 

24.—  Fifty  grams  (1.76  oz.)  or  100  gr.  (3.52  oz.)  should  be  used  for 
the  test,  and  dried  at  a  temperature  of  100°  Cent.  (212°  Fahr.)  prior  to 
sieving. 

25. — Method. — The  Committee,  after  careful  investigation,  has 
reached  the  conclusion  that  mechanical  sieving  is  not  as  practicable  or 
efficient  as  hand  work,  and,  therefore,  recommends  the  following 
method  : 

26. — The  thoroughly  dried  and  coarsely  screened  sample  is  weighed 
and  placed  on  the  No.  200  sieve,  which,  with  pan  and  cover  attached, 
is  held  in  one  hand  in  a  slightly  inclined  position,  and  moved  forward 
and  backward,  at  the  same  time  striking  the  side  gently  with  the  palm 
of  the  other  hand,  at  the  rate  of  about  200  strokes  per  minute.  The 
operation  is  continued  until  not  more  than  one-tenth  of  1%  passes 
through  after  one  minute  of  continuous  sieving.  The  residue  is 
weighed,  then  placed  on  the  No.  100  sieve  and  the  operation  repeated. 
The  work  may  be  expedited  by  placing  in  the  sieve  a  small  quantity 
of  large  shot.  The  results  should  be  reported  to  the  nearest  tenth  of 
1  per  cent. 

Normal  Consistency. 

27. — Significance. — The  use  of  a  proper  percentage  of  water  in 
making  the  pastes*  from  which  pats,  tests  of  setting  and  briquettes 
are  made,  is  exceedingly  important,  and  affects  vitally  the  results 
obtained. 

28. — The  determination  consists  in  measuring  the  amount  of  water 
required  to  reduce  the  cement  to  a  given  state  of  plasticity,  or  to  what 
is  usually  designated  the  normal  consistency. 

29. — Various  methods  have  been  proposed  for  making  this  deter- 
mination, none  of  which  has  been  found  entirely  satisfactory.  The 
Committee  recommends  the  following: 

30. — Method.  Vicat  Needle  Apparatus. — This  consists  of  a  frame  (K)9 
Fig.  2,  bearing  a  movable  rod  (X),  with  the  cap  (A)  at  one  end,  and  at 
the  other  end  the  cylinder  (B),  1  cm.  (0.39)  in.  in  diameter,  the  cap, 

*  The  terra  "  paste "  is  used  in  this  report  to  designate  a  mixture  of  cement  and 
water,  and  the  word  "  mortar  "  a  mixture  of  cement,  sand  and  water. 
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rod  and  cylinder  weighing  300  gr.  (10.58  oz.).  The  rod,  which  can  be 
held  in  any  desired  position  by  a  screw  (F),  carries  an  indicator, 
which  moves  oyer  a  scale  (graduated  to  centimeters)  attached  to  the 
frame  (K).  The  paste  is  held  by  a  conical,  hard-rubber  ring  (/),  7  cm. 
(2.76  ins.)  in  diameter  at  the  base,  4  cm.  (1.57  ins.)  high,  resting  on  a 
glass  plate  (J),  about  10  cm.  (3.94  ins.)  square. 

31. — In  making  the  determination,  500  gr.  (17.64  oz.)  of  cement  are 
kneaded  into  a  paste,  as  described  in  Paragraph  58,  and  quickly 
formed  into  a  ball  with  the  hands,  completing  the  operation  by 
tossing  it  six  times  from  one  hand  to  the  other,  maintained  6  ins. 
apart;  the  ball  is  then  pressed  into  the  rubber  ring,  through  the 
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VICAT  NEEDLE. 
Fig.  2. 


larger  opening,  smoothed  off,  and  placed  on  a  glass  plate  (on  its 
large  end)  and  the  smaller  end  smoothed  off  with  a  trowel;  the  paste, 
confined  in  the  ring,  resting  on  the  plate,  is  placed  under  the  rod 
bearing  the  cylinder,  which  is  brought  in  contact  with  the  surface 
and  quickly  released. 

32. — The  paste  is  of  normal  consistency  when  the  cylinder  pene- 
trates to  a  point  in  the  mass  10  mm.  (0.39  in.)  below  the  top  of  the 
ring.     Great  care  must  be  taken  to  fill  the  ring  exactly  to  the  top. 
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33. — The  trial  pastes  are  made  with  varying  percentages  of  water 
until  the  correct  consistency  is  obtained. 

34. — The  Committee  believes  that  the  normal  consistency  should 
produce  a  rather  wet  paste,  since  this  consistency  tends  to  greater 
uniformity  in  the  mixing,  and  there  is  less  liability  of  compressing 
the  briquettes  during  the  moulding. 

35. — Having  determined  in  this  manner  the  proper  percentage  of 
water  required  to  produce  a  neat  paste  of  normal  consistency,  the 
proper  percentage  required  for  the  sand  mortars  is  obtained  from  an 
empirical  formula. 

36. — The  Committee  hopes  to  devise  such  a  formula.  The  subject 
proves  to  be  a  very  difficult  one,  and,  although  the  Committee  has 
given  it  much  study,  it  is  not  yet  prepared  to  make  a  definite  recom- 
mendation. 

Time  of  Setting. 

37. — Sig7i\flcance. — The  object  of  this  test  is  to  determine  the  time 
which  elapses  from  the  moment  water  is  added  until  the  paste  ceases 
to  be  fluid  and  plastic  (called  the  "initial  set "),  and  also  the  time 
required  for  it  to  acquire  a  certain  degree  of  hardness  (called  the 
"  final  "  or"  hard  set '').  The  former  of  these  is  the  more  important, 
since,  with  the  commencement  of  setting,  the  process  of  crystallization 
or  hardening  is  said  to  begin.  As  a  disturbance  of  this  process  may 
produce  a  loss  of  strength,  it  is  desirable  to  complete  the  operation  of 
mixing  and  moulding  or  incorporating  the  mortar  into  the  work  before 
the  cement  begins  to  set. 

38. — It  is  usual  to  measure  arbitrarily  the  beginning  and  end  of 
the  setting  by  the  penetration  of  weighted  wires  of  given  diameters. 

39.—  Method. — For  this  purpose  the  Vicat  Needle,  which  has  already 
been  described  in  Paragraph  30,  should  be  used. 

40. — In  making  the  test,  a  paste  of  normal  consistency  is  moulded 
and  placed  under  the  rod  (L),  Fig.  2,  as  described  in  Paragraph  31; 
this  rod,  bearing  the  cap  (D)  at  one  end  and  the  needle  (H),  1  mm. 
(0.039  in.)  in  diameter,  at  the  other,  weighing  300  gr.  (10.58  oz.).  The 
needle  is  then  carefully  brought  in  contact  with  the  surface  of  the 
paste  and  quickly  released. 

41. — The  setting  is  said  to  have  commenced  when  the  needle  ceases 
to  pass  a  point  5  mm.  (0.20  in.)  above  the  upper  surface  of  the  glass 
plate,  and  is  said  to  have  terminated  the  moment  the  needle  does  not 
sink  visibly  into  the  mass. 

42. — The  test  pieces  should  be  stored  in  moist  air  during  the  test; 
this  is  accomplished  by  placing  them  on  a  rack  over  water  contained 
in  a  pan  and  covered  with  a  damp  cloth,  the  cloth  to  be  kept  away 
from  them  by  means  of  a  wire  screen;  or  they  may  be  stored  in  a  moist 
box  or  closet. 
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43. — Care  should  be  taken  to  keep  the  needle  clean,  as  the  collec- 
tion of  cement  on  the  sides  of  the  needle  retards  the  penetration, 
while  cement  on  the  point  reduces  the  area  and  tends  to  increase  the 
penetration. 

44. — The  determination  of  the  time  of  setting  is  only  approximate, 
being  materially  affected  by  the  temperature  of  the  mixing  water,  the 


DETAILS  FOR  BRIQUETTE. 
Fig.  8. 


temperature  and  humidity  of  the  air  daring  the  test,  the  percentage 
of  water  used,  and  the  amount  of  moulding  the  paste  receives. 


Standard  Sand. 
45. — The  Committee  recognizes  the  grave  objections  to  the  standard 
quartz  now  generally  used,  especially  on  account  of  its  high  percent- 
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age  of  voids,  the  difficulty  of  compacting  in  the  moulds,  and  its  lack 
of  uniformity;  it  has  spent  much  time  in  investigating  the  various 
natural  sands  which  appeared  to  be  available  and  suitable  for  use. 

46. — For  the  present,  the  Committee  recommends  the  natural  sand 
from  Ottawa,  111. .  screened  to  pass  a  sieve  having  20  meshes  per  linear 
inch  and  retained  on  a  sieve  having  30  meshes  per  linear  inch;  the 
wires  to  have  diameters  of  0.0165  and  0.0112  in.,  respectively,  i.  e. , 
half  the  width  of  the  opening  in  each  case. 

47. — The  Sandusky  Port  land  Cement  Company,  of  Sandusky,  Ohio, 
has  agreed  to  undertake  the  preparation  of  this  sand,  and  to  furnish 
it  at  a  price  only  sufficient  to  cover  the  actual  cost  of  preparation. 

Form  of  Briquette. 

48. — While  the  form  of  the  briquette  recommended  by  a  former 
Committee  of  the  Society  is  not  wholly  satisfactory,  this  Committee 
is  not  prepared  to  suggest  any  change,  other  than  rounding  off  the 
corners  by  curves  of  J-in.  radius,  Fig.  3. 

Moulds. 

49. — The  moulds  should  be  made  of  brass,  bronze  or  some  equally 
non-corrodible  material,  having  sufficient  metal  in  the  sides  to  pre- 
vent spreading  during  moulding. 

50. — Gang  moulds,  which  permit  moulding  a  number  of  briquettes 
at  one  time,  are  preferred  by  many  to  single  moulds;  since  the  greater 
quantity  of  mortar  that  can  be  mixed  tends  to  produce  greater  uni- 
formity in  the  results.     The  type  shown  in  Fig.  4  is  recommended. 

51. — The  moulds  should  be  wiped  with  an  oily  cloth  before  using. 
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DETAILS  FOR  GANG  MOULD. 
Fio.  4. 

Mixing. 

52. — All  proportions  should  be  stated  by  weight;  the  quantity  of 
water  to  be  used  should  be  stated  as  a  percentage  of  the  dry  material. 

53. — The  metric  system  is  recommended  because  of  fche  convenient 
relation  of  the  gram  and  the  cubic  centimeter. 

54. — The  temperature  of  the  room  and  the  mixing  water  should  be 
as  near  21°  Cent.  (70°  Fahr.)  as  it  is  practicable  to  maintain  it. 
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55. — The  sand  and  cement  should  be  thoroughly  mixed  dry.  The 
mixing  should  be  done  on  some  non-absorbing  surface,  preferably  plate 
glass.  If  the  mixing  must  be  done  on  an  absorbing  surface  it  should 
be  thoroughly  dampened  prior  to  use. 

56. — The  quantity  of  material  to  be  mixed  at  one  time  depends  on 
the  number  of  test  pieces  to  be  made;  about  1  000  gr.  (35.28  oz.) 
makes  a  convenient  quantity  to  mix,  especially  by  hand  methods. 

57. — The  Committee,  after  investigation  of  the  various  mechanical 
mixing  machines,  has  decided  not  to  recommend  any  machine  that  has 
thus  far  been  devised,  for  the  following  reasons: 

(1)  The  tendency  of  most  cement  is  to  "  ball  up  "  in  the  machine, 
thereby  preventing  the  working  of  it  into  a  homogeneous  paste;  (2) 
there  are  no  means  of  ascertaining  when  the  mixing  is  complete  with- 
out stopping  the  machine,  and  (3)  the  difficulty  of  keeping  the  machine 
clean. 

58. — Method. — The  material  is  weighed  and  placed  on  the  mixing 
table,  and  a  crater  formed  in  the  center,  into  whioh  the  proper  per- 
centage of  clean  water  is  poured;  the  material  on  the  outer  edge  is 
turned  into  the  crater  by  the  aid  Of  a  trowel.  As  soon  as  the  water  has 
been  absorbed,  which  should  not  require  more  than  one  minute,  the 
operation  is  completed  by  vigorously  kneading  with  the  hands  for 
an  additional  1}  minutes,  the  process  being  similar  to  that  used  in 
kneading  dough.  A  sand-glass  affords  a  convenient  guide  for  the 
time  of  kneading.  During  the  operation  of  mixing,  the  hands  should 
be  protected  by  gloves,  preferably  of  rubber. 

Moulding. 

59. — Having  worked  the  paste  or  mortar  to  the  proper  consistency, 
it  is  at  once  placed  in  the  moulds  by  hand. 

60. — The  Committee  has  been  unable  to  secure  satisfactory  results 
with  the  present  moulding  machines;  the  operation  of  machine  mould- 
ing is  very  slow,  and  the  present  types  permit  of  moulding  but  one 
briquette  at  a  time,  and  are  not  practicable  with  the  pastes  or  mortars 
herein  recommended. 

61. — Method. — The  moulds  should  be  filled  at  once,  the  material 
pressed  in  firmly  with  the  ringers  and  smoothed  off  with  a  trowel 
without  ramming;  the  material  should  be  heaped  up  on  the  upper 
surface  of  the  mould,  and,  in  smoothing  off,  the  trowel  should  be 
drawn  over  the  mould  in  such  a  manner  as  to  exert  a  moderate  pres- 
sure on  the  excess  material.  The  mould  should  he  turned  over  and 
the  operation  repeated. 

62. — A  check  upon  the  uniformity  of  the  mixing  and  moulding  is 
afforded  by  weighing  the  briquettes  just  prior  to  immersion,  or  upon 
removal  from  the  moist  closet.  Briquettes  which  vary  in  weight  more 
than  3%  from  the  average  should  not  be  tested. 
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Storage  of  the  Test  Pieces. 

63. — During  the  first  24  hours  after  moulding,  the  test  pieces 
should  be  kept  in  moist  air  to  prevent  them  from  drying  out. 

64. — A  moist  closet  or  chamber  is  so  easily  devised  that  the  use  of 
the  damp  cloth  should  be  abandoned  if  possible.  Covering  the  test 
pieces  with  a  damp  cloth  is  objectionable,  as  commonly  used,  because 
the  cloth  may  dry  out  unequally,  and,  in  consequence,  all  the  test 
pieces  are  not  maintained  under  the  same  condition.  Where  a  moist 
closet  is  not  available,  a  cloth  may  be  used  and  kept  uniformly  wet  by 
immersing  the  ends  in  water.  It  should  be  kept  from  direct  contact 
with  the  test  pieces  by  means  of  a  wire  soreen  or  some  similar  arrange- 
ment. 

66.  — A  moist  closet  consists  of  a  soapstone  or  slate  box,  or  a  metal- 
lined  wooden  box— the  metal  lining  being  covered  with  felt  and  this 
felt  kept  wet.  The  bottom  of  the  box  is  so  constructed  as  to  hold 
water,  and  the  sides  are  provided 
with  cleats  for  holding  glass  shelves 
on  which  to  place  the  briquettes. 
Care  should  be  taken  to  keep  the 
air  in  the  closet  uniformly  moist. 

66. — After  24  hours  in  moist  air, 
the  test  pieces  for  longer  periods 
of  time  should  be  immersed  in 
water  maintained  as  near  21°  Cent. 
(70°  Fahr.)  as  practicable;  they  may 
be  stored  in  tanks  or  pans,  which 
should  be  of  non-corrodible  mate- 
rial. 

Tensile  Strength. 

67. — 'the  tests  may  be  made  on 
any  standard  machine.  A  solid 
metal  clip,  as  shown  in  Fig.  5, 
is  recommended.  This  clip  is  to  be 
used  without  cushioning  at  the 
points  of  contact  with  the  test 
specimen.  The  bearing  at  each 
point  of  contact  should  be  J  in. 
wide,  and  the  distance  between  the 
center  of  contact  on  the  same  clip 
should  be  1J  ins. 

68. — Test    pieces     should     be 
broken    as    soon  •  as   they  are  re- 
moved  from     the    water.        Care  FQRM  QF  CL|p 
should  be  observed  in    centering  fio.  5. 
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the  briquettes  in  the  testing  machine,  as  cross- strains,  produced 
by  improper  centering,  tend  to  lower  the  breaking  strength.  The  load 
should  not  be  applied  too  suddenly,  as  it  may  produce  vibration,  the 
shock  from  which  often  breaks  the  briquette  before  the  ultimate 
strength  is  reached.  Care  must  be  taken  that  the  clips  and  the  sides 
of  the  briquette  be  clean  and  free  from  grains  of  sand  or  dirt,  which 
would  prevent  a  good  bearing.  The  load  should  be  applied  at  the 
rate  of  600  lbs.  per  minute.  The  average  of  the  briquettes  of  each 
sample  tested  should  be  taken  as  the  test,  excluding  any  results  which 
are  manifestly  faulty. 

Constancy  op  Volume. 

69. — Significance. — The  object  is  to  develop  those  qualities  which 
tend  to  destroy  the  strength  and  durability  of  a  cement.  As  it  is 
highly  essential  to  determine  such  qualities  at  once,  tests  of  this  char- 
acter are  for  the  most  part  made  in  a  very  short  time,  and  are  known, 
therefore,  as  accelerated  tests.  Failure  is  revealed  by  cracking,  check- 
ing, swelling  or  disintegration,  or  all  of  these  phenomena.  A  cement 
which  remains  perfectly  sound  is  said  to  be  of  constant  volume. 

70. — Methods. — Tests  for  constancy  of  volume  are  divided  into 
two  classes:  (1)  normal  tests,  or  those  made  in  either  air  or  water 
maintained  at  about  21p  Cent.  (70°  Fahr.),  and  (2)  accelerated 
tests,  or  those  made  in  air,  steam  or  water  at  a  temperature  of 
45°  Cent.  (115°  Fahr.)  and  upward.  The  test  pieces  should  be 
allowed  to  remain  24  hours  in  moist  air  before  immersion  in  water  or 
steam. 

71. —For  these  tests,  pats,  about  7J  cm.  (2.95  ins.)  in  diameter,  1J 
cm.  (0.49  in.)  thick  at  the  center,  and  tapering  to  a  thin  edge,  should 
be  made,  upon  a  clean  glass  plate  [about  10  cm.  (3. 94 ins.)  square],  from 
cement  paste  of  normal  consistency. 

72. — Normal  Test. — A  pat  is  immersed  in  water  maintained  as  near 
21° Cent.  (70°  Fahr.)  as  possible  for  28  days,  and  observed  at  intervals; 
the  pat  should  remain  firm  and  hard  and  show  no  signs  of  cracking, 
distortion  or  disintegration. 

73. — Accelerated  Test. — (a)  A  pat  is  placed  on  a  shelf  in  a  suitable 
vessel  filled  with  fresh  water,  but  without  allowing  it  to  touch  the 
bottom.  The  water  is  then  gradually  raised  to  a  temperature  of  45° 
Cent.  (115°  Fahr.)  and  maintained  at  this  temperature  for  24  hours; 
or  (b),  a  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of 
steam,  above  boiling  water,  in  a  loosely  closed  vessel,  for  3  hours. 

74.  —To  pass  these  tests  satisfactorily,  the  pats  should  remain 
firm  and  hard,  and  show  no  signs  of  cracking,  distortion  or  disinte- 
gration. 

75. — Should  the  pat  leave  the  plate,  distortion  maybe  detected  best 
with  a  straight-edge  applied  to  the  surface  which  was  in  contact  with 
the  plate. 
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76. — In  the  present  state  of  our  knowledge  it  cannot  be  said  that 
cement  should  necessarily  be  condemned  simply  for  failure  to  pass  the 
aooelerated tests;  nor  can  a  cement  be  considered  entirely  satisfactory, 
simply  because  it  has  passed  these  tests. 
Submitted  on  behalf  of  the  Committee, 

Geokge  S.  Webster, 

Chairman, 
Bichard  L.  Humphrey, 

Secretary, 
Committee, 
George  S.  Webster, 
Richard  L.  Humphrey, 
George  F.  Swain, 
Alfred  Noble, 
Louis  C.  Sabin, 
S.  B.  Newberry, 
Clifford  Bichardson, 
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F.  H.  Lewis. 
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On  March  5th,  1902,  a  paper*  on  one  of  the  most  important  features 
of  the  Panama  Canal  was  presented  by  the  writer.  Th  at  paper  was  con- 
fined to  a  single  detail,  although  a  very  important  one.  The  present 
paper  covers  a  larger  scope,  and  takes  up  the  principal  features  of  the 
canal. 

The  Isthmian  Canal  Commission,  in  its  report,  tried  to  place  the  two 
canals,  Panama  and  Nicaragua,  as  nearly  on  the  same  basis  as  possible; 
eliminating  from  each  scheme  special  advantages  and  economies  which 
might  be  applicable  on  one,  but  could  not  be  on  the  other.  There 
were  several  points  on  which  the  writer  differed  from  his  colleagues, 
and,  while  these  differences  do  not  affect  the  general  conclusion,  his 
individual  views  have  influenced  the  present  paper. 

Much  has  been  said  of  the  great  value  of  a  tide-level  canal  and  its 
unlimited  capacity.  This  unlimited  capacity  is  more  apparent  than 
real.  A  tide-level  canal  will  require  a  tide  lock  at  the  Pacific  end,  and, 
although  both  gates  can  be  left  open  at  mean  tide,  so  that  the  length 

*  "  The  Bohio  Dam,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlviii,  p.  285. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion, 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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of  lock  is  not  a  limiting  factor,  its  breadth  and  depth  are.  The  diffi- 
culties of  controlling  floods  are  greater  in  the  tide-level  canal  than  in 
the  canal  with  locks,  and  the  advantage  of  a  broad  inland  lake  is  lost. 
Still,  the  writer  believes  that  the  tide-level  canal  would  be  the  better 
canal  when  done,  but  that  the  difficulties  which  would  attend  its  con- 
struction, the  greater  cost,  and  especially  the  longer  time  involved, 
preclude  its  selection.  In  this  paper  both  plans  of  canal  are  described, 
and  comparative  estimates  given  in  some  detail. 

The  locks  are  of  enormous  dimensions,  and,  while  few  engineers 
would  doubt  the  feasibility  of  locks  800  ft.  long,  more  than  80  ft.  wide, 
with  more  than  40  ft.  lift,  conservatism  cautions  us  against  this  great 
lift  if  it  can  be  avoided.  Partly  for  this  reason,  the  writer  has  selected 
the  Tiger  Hill  Cut-Off  line  for  the  high-level  canal,  which  permits  the 
rise  from  the  Atlantic  to  Lake  Bohio  to  be  divided  into  three  lifts 
instead  of  two,  shortens  the  line,  and  places  it  farther  from  the 
Chagres.  The  old  location  is  not  condemned,  but  the  cut-off  is  pre- 
ferred. The  fact  that  by  the  use  of  an  intermediate  level  the  head  of 
water  against  the  dam  is  reduced  explains  the  difference  in  the  seepage 
figures  used  in  this  paper  and  those  calculated  in  the  paper  on  ' '  The 
Bohio  Dam." 

General  Description. 

At  Panama  the  actual  width  of  the  Isthmus  from  tide  water  to  tide 
water,  in  a  straight  line,  is  only  35  miles.  The  continental  divide  is 
about  8  miles  from  the  Pacific,  and  in  places  less  than  300  ft.  above 
mean  tide.  Between  this  low  mountain  ridge  and  the  Atlantic  lies  a 
hilly  country,  intersected  by  streams,  the  drainage  of  which  is  into 
the  Atlantic  through  the  Chagres  River.  The  Chagres  rises  in  the 
mountains  about  60  miles  east  of  the  canal  location  and  enters  the 
Caribbean  Sea  some  miles  west  of  the  Atlantic  terminus  of  the  canal. 
The  valley  of  the  Chagres,  with  the  low  country  adjacent  to  it,  forms  a 
natural  approach  from  the  Atlantic  side.  To  pass  from  this  valley  to 
the  Pacific,  it  is  necessary  to  go  boldly  across  the  low  ridge  of  the 
Cordilleras.  The  route  selected  by  the  original  French  company  for 
the  Panama  Canal  is,  in  a  general  way,  the  same  as  that  on  which 
the  Panama  Railroad  was  built  30  years  before.  Subject  to  varia- 
tions of  detail,  the  routes  are  practically  one,  and  the  only  possible 
route  in  this  part  of  the  Isthmus.     The  total  distance  by  either  rail- 
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road  or  canal  from  deep  water  to  deep  water  is,  in  round  numbers,  45 
miles,  of  which  27  miles  are  in  the  Atlantic  coastal  plain  and  the 
valley  of  the  Chagres;  12  miles  are  in  the  passage  of  the  ridge,  and 
the  balance  in  the  low  lands  near  the  Pacific.  Of  the  actual  distance 
from  the  Atlantic  shore  line  to  the  Pacific  shore  line,  not  including 
the  extensions  into  deep  water,  almost  exactly  two-thirds,  being  the 
portion  north  of  Obispo,  are  within  the  drainage  of  the  Chagres,  and 
one-third  in  the  crossing  from  the  Chagres  to  the  Pacific. 

The  Chagres  is  a  tropical  mountain  stream,  with  the  excessive 
variations  which  belong  to  such  a  river.  Its  maximum  flood  dis- 
charge is  approximately  200  times  its  minimum  dry-season  discharge. 
The  area,  of  its  total  drainage  basin,  though  not  completely  surveyed, 
is  about  1  200  sq.  miles.  It  has  a  comparatively  rapid  fall,  which  is 
greatest  near  the  source.  At  the  point  where  the  canal  leaves  the 
Chagres  valley  to  cross  the  divide,  the  bottom  of  the  Chagres  River 
is  about  40  ft.  above  mean  tide.  The  principal  difficulties  of  the 
northern  portion  of  the  canal,  from  Colon  to  Obispo,  lie  in  the  control 
of  the  Chagres  River;  the  principal  difficulty  on  the  remainder  is  the 
summit  cut.  In  a  tide-level  canal,  such  as  the  original  French  Com- 
pany proposed  to  build,  these  two  difficulties  were  virtually  all.  With 
the  abandonment  of  the  tide-level  scheme  and  the  adoption  of  a 
summit  fovel  reached  by  locks,  the  problem  of  water  supply  for  this 
summit  level  was  added,  but,  as  the  only  source  of  gravity  supply  for 
such  summit  level  is  the  Chagres  River,  the  problems  of  the  control 
of  this  river  and  of  the  use  of  its  water  to  feed  the  canal  are  very 
intimately  connected. 

Besides  these,  there  are  the  harbors,  which  present  difficulties, 
though  not  serious  ones,  at  each  end  of  the  canal;  the  dimensions  of 
locks  which  should  be  used,  and  the  changes  which  the  construction 
of  the  canal  must  necessarily  make  in  the  Panama  Railroad.  These 
matters  call  for  only  brief  consideration. 

The  dimensions  of  the  canal  itself  are  of  the  utmost  importance, 
and  no  estimates  can  be  made,  even  of  a  preliminary  character,  with- 
out determining  them.  The  dimensions  adopted  by  the  French  Com- 
pany are  in  a  general  way  those  of  the  Suez  Canal.  The  Suez  Canal  is 
a  salt-water  canal  throughout.  The  Panama  Canal  will  be  a  fresh-water 
canal,  and  it  will  also  be  a  warm- water  canal,  the  water  weighing  62.2 
lbs.  per  foot,  or  about  3%  less  than  the  water  of  the  ocean.     The  Suez 


18  THE  PANAMA  CANAL.  [Papers. 

Canal  has  a  depth  of  9  m.,  or  29.5  ft.  To  accommodate  ships  of  equal 
size,  the  Panama  Canal  should  be  at  least  8  ins.  deeper.  The  Snez 
Canal  cannot  accommodate  the  largest  class  of  ships;  the  regulations 
of  that  canal  limit  the  draft  of  ships  passing  through  it  to  7.8  m.  or  25 
ft.  7  ins.,  though  ships  of  greater  draft  are  sometimes  taken  through 
with  the  assistance  of  tugs.  The  largest  steamers  now  plying  between 
England  and  Australian  ports  cannot  and  do  not  pass  through  the 
Suez  Canal.  There  is  a  large  number  of  ships  now  in  service  on  the 
Atlantic,  the  authorized  draft  of  which  is  32  ft.  or  more;  one  of  these 
ships  would  draw  33  ft.  in  the  Panama  canal.  The  traffic  which  would 
pass  through  the  Panama  Canal  would  be  of  a  character  materially 
different  from  that  which  uses  the  Suez  Canal;  it  would  consist  largely 
of  heavy,  coarse  freight.  As  the  size  of  a  ship  is,  in  a  measure,  a  func- 
tion of  the  length  of  voyage,  it  is  probable  that  the  largest  class  of 
freight  carriers  will  use  this  canal.  The  Isthmian  Canal  Commission 
considered  that  the  canal  should  have  a  depth  of  35  ft.,  through 
which  steamers  drawing  32  ft.  in  salt  water  could  pass  without  trouble, 
and  the  writer  concurs  in  this  decision. 

In  determining  the  width  of  the  canal  there  is  more  room  for  dif- 
ference of  opinion.  While  depth  may  be  considered  a  necessity, 
width  is  very  largely  a  convenience.  A  ship  can  be  taken  through  a 
canal  with  little  clearance  on  either  side,  but  it  must  be  done  very 
slowly;  a  much  greater  width  will  be  required  if  any  considerable  speed 
is  to  be  maintained,  and  still  more  if  large  ships  are  to  pass  each  other 
in  all  portions  of  the  canal.  The  dimensions  adopted  by  the  original 
French  Company  provided  for  a  bottom  width  of  only  22  m.,  or  72  ft. ; 
the  new  French  Company  adopted  a  bottom  width  of  30  m.,  slightly 
increased  in  rock  sections,  or  a  little  less  than  100  ft.  The  Isthmian 
Canal  Commission  selected  a  bottom  width  of  150  ft.,  which  was  some- 
what enlarged  on  curves.  The  increased  width  on  curves  in  so  large 
a  canal  is  perhaps  an  over -refinement,  but,  in  view  of  the  experience  of 
other  great  works,  it  is  probably  not  wise  to  reduce  the  dimensions 
selected  by  the  Commission. 

Colon  Harbor  is  virtually  tideless,  while  Panama  Bay  has  a  tidal 
range  of  over  20  ft.  The  plans  of  the  original  French  Company  con- 
templated a  depth  of  9  m.  below  mean  water  at  both  termioi,  which 
would  have  made  a  channel  of  about  20  ft.  at  low  water  in  Panama  Bay. 
The  plans  of  the  new  French  Company  proposed  a  depth  of  9  m.  below 
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low  water  in  Panama  Bay;  the  Isthmian  Canal  Commission's  estimates 
are  based  on  a  depth  of  35  ft.  below  mean  low  water  in  Panama  Bay. 
A  depth  of  35  ft.  below  mean  tide  in  Panama  Bay  would  give  25  ft.  in 
the  canal  under  all  conditions,  45  ft.  at  high  water  and  35  ft.  for  about 
18  hours  out  of  24.  In  the  opinion  of  the  writer,  this  depth  is  quite  as 
much  as  the  demands  of  traffic  are  likely  to  justify. 

With  this  preliminary  statement,  the  main  features  of  the  canal 
may  be  described. 

CONTBOIi  OF  THE  ChAGBES. 

The  discharge  of  the  Chagres  has  been  made  a  matter  of  special 
observation  by  the  new  French  Company,  and  these  observations  have 
been  verified  and  amplified  by  Arthur  P.  Davis,  M.  Am.  Soc.  C.  E., 
for  the  Isthmian  Canal  Commission.  While  the  conclusions  from  such 
studies  cannot  be  regarded  as  absolutely  accurate,  the  general  condi- 
tions, of  which  little  was  known  twenty  years  ago,  may  now  be  con- 
sidered established.  The  greatest  flood  in  the  Chagres,  of  which  there 
is  any  record,  occurred  in  1879,  prior  to  the  beginning  of  work  by  the 
old  French  Company.  The  two  floods  of  which  there  is  the  most 
accurate  information  are  those  of  1890  and  1893. 

The  area  of  the  drainage  basin  of  the  Chagres  above  Bohio,  the 
location  selected  by  the  French  Company  for  a  dam,  is  estimated  at 
875  sq.  miles.  This  watershed  may  be  divided  for  convenience  into 
three  parts:  the  portion  above  Alhajuela,  the  point  selected  by  the 
French  Company  for  the  upper  dam;  the  portion  between  Alhajuela 
and  Gamboa,  which  is  practically  the  point  where  the  canal  leaves  the 
river;  and  the  portion  between  Gamboa  and  Bohio.  The  area  of  the 
upper  division  is  approximately  510  sq.  miles,  of  the  middle  division 
135  sq.  miles,  and  of  the  lower  division  230  sq.  miles.  The  areas  of  the 
watersheds  above  these  three  points,  will,  therefore,  be  as  follows: 

8quare  miles.  Percentages. 

Alhajuela. 510  58 

Gamboa 645  74 

Bohio 875  100 

The  data  concerning  the  flood  of  1879  are  meager,  and  consist  only 
of  water  marks  from  which  the  discharge  has  been  calculated  on  vari- 
ous assumptions,  while  there  is  no  accurate  information  by  which  the 
duration  of  the  flood  or  the  aggregate  discharge  can  be  even  approxi- 
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mately  determined.  The  conclusions,  generally,  are  to  the  effect  that 
it  was  in  excess  of  70  000  on.  ft.  per  second  at  Gamboa  and  100  000  en. 
ft.  per  second  at  Bohio.  The  general  opinion  has  been  that  these 
figures  are  too  high,  but  Mr.  Davis  thinks  that  there  is  a  possibility 
that  they  are  too  low  and  that  the  flood  may  have  been  nearly  100  000 
cu.  ft.  per  second  at  Gamboa,  and  have  exceeded  130  000  cu.  ft.  per 
second  at  Bohio.  The  flood  of  1890  attained  a  maximum  of  75  000  cu. 
ft.  per  second  at  Bohio,  and  that  of  1893  fell  below  50  000  cu.  ft.  per 
second.  All  these  floods  were  of  very  short  duration,  the  average  dis- 
charge of  the  Chagres  being  about  2  000  cu.  ft.  per  second  at  Alhajuela, 
2  500  cu.  ft.  at  Gamboa,  and  4  000  cu.  ft.  at  Bohio.  The  time  in  which 
the  discharge  at  Gamboa  would  exceed  35  000  cu.  ft.  per  second,  or 
that  at  Bohio  50  000  cu.  ft.  per  second,  would  probably  not  be  more 
than  ten  days  in  twenty  years.  A  suspension  of  traffic  during  these 
few  days  would  not  seriously  reduce  the  value  of  the  canal. 

If  a  flood  of  35  000  cu.  ft.  per  second  coming  from  the  upper  Chagres 
at  Gamboa  and  of  50  000  cu.  ft.  at  Bohio  could  be  so  regulated  that  it 
would  not  produce  a  speed  much  exceeding  3  ft.  per  second  in  the 
navigable  portions  of  the  canal  the  commercial  requirements  would  be 
met.  The  canal,  however,  must  be  so  designed  that  a  maximum 
flood  would  do  no  permanent  harm,  and  this  means  a  probable  dis- 
charge of  100  000  cu.  ft.  per  second  at  Bohio,  with  the  possibility  that 
140  000  cu.  ft.  per  second  should  be  provided  for.  A  speed  of  3.3  ft. 
(1  m.)  per  second  could  be  allowed  in  the  canal  without  disturbing 
navigation;  a  speed  of  5  ft.  per  second  could  be  allowed  without  per- 
manent injury  to  the  work. 

With  these  conditions,  a  channel  of  15  000  sq.  ft.  cross-section  would 
carry  off  a  flood  of  50  000  cu.  ft.  per  second  without  interfering  with 
navigation,  and  of  75  000  cu.  ft.  per  second  without  injury  to  the  canal. 
If  a  tide-level  canal  is  to  be  built,  it  must  either  be  given  these  dimen- 
sions in  the  Chagres  Valley  or  independent  channels  must  be  provided 
to  carry  off  the  discharge  of  the  river.  As  the  canal  is  in  the  lowest 
part  of  the  valley,  the  construction  of  these  channels  would  be  a  matter 
of  serious  difficulty,  and  the  simplest  solution  would  be  to  make  a 
canal  large  enough  to  take  the  full  discharge,  which  would  have  the 
further  advantage  of  furnishing  a  very  large  canal,  in  which  naviga- 
tion, under  ordinary  conditions,  would  be  especially  easy;  this  would 
mean  a  canal  with  a  bottom  width  of  about  400  ft.     An  approximate 
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estimate  shows  that  the  total  amount  of  excavation  for  such  a  canal 
between  Colon  and  Obispo  would  be  150  000  000  cu.  yds.,  about  one- 
sixth  of  which  is  likely  to  be  rock.  This  channel,  however,  has  prac- 
tically no  factor  of  safety,  and,  if  the  flood  of  1879  should  be  repeated, 
it  might  prove  inadequate.  By  building  the  dam  proposed  by  the 
French  Company  at  Alhajuela  the  discharge  above  that  point  could  be 
temporarily  stored,  and  the  discharge  through  the  lower  valley  kept 
within  the  capacity  of  the  proposed  canal.  It  may  be  roughly  esti- 
mated that  the  cost  of  this  Chagres  section  of  a  tide-level  canal  would 
be  about  $90  000  000.  While  this  treatment  would  be  heroic,  it  is 
practicable,  and  would  be  satisfactory  when  done. 

If,  however,  a  dam  could  be  built  across  the  valley  of  the  Chagres, 
the  whole  valley  would  be  converted  into  a  lake  of  such  dimensions 
that  the  currents  in  this  lake,  even  during  the  most  violent  floods, 
would  not  be  objectionable.  This  is,  perhaps,  the  greatest  advantage 
to  be  gained  by  using  locks  and  a  summit  level,  it  is  certainly  second 
only  to  the  reduction  in  the  volume  of  the  Culebra  Cut.  The  further 
down  the  valley  this  dam  can  be  placed,  the  greater  will  be  the  length 
of  valley  converted  into  lake.  The  lowest  point,  however,  which  has 
been  found  in  any  way  suitable  for  a  dam  site  is  at  Bohio,  midway  be- 
tween Obispo  and  the  terminus  of  the  canal  at  Colon.  A  site  for  a  dam 
in  this  neighborhood  has  been  selected  by  the  new  French  Company, 
and  the  Isthmian  Canal  Commission  concurred  in  the  expediency  of 
building  a  dam  in  the  same  vicinity.  By  the  construction  of  such  a 
dam  the  valley  is  converted  into  a  lake  between  Obispo  and  Bohio, 
and  this  lake  would  extend  up  the  upper  valley  of  the  Chagres  to  a 
distance  determined  by  the  height  of  the  dam.  The  Gigante,  a  lateral 
stream  coming  from  the  west,  enters  the  Chagres  about  4  miles  above 
Bohio,  and  near  the  head  of  this  stream  is  a  low  summit  admir- 
ably adapted  for  a  spillway.  The  limits  within  which  the  range  of 
the  lake  could  be  confined  would  be  determined  by  the  length  of  this 
spillway.  The  Isthmian  Canal  Commission  has  proposed  a  spillway 
2  000  ft.  long.     Using  the  formula 

3 

we  have  the  following  results,  if  /  is  made  2  000: 
Q=    50  000  h  =  3.71 

75  000  4.86 

100  000  5.89 
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It  would  appear,  therefore,  that  heights  of,  respectively,  4,  5,  and 
6  ft.  over  the  orest  of  the  spillway  would  pass  something  more  than 
50  000,  75  000  and  100  000  cu.  ft.  per  second  for  an  indefinite  period. 
The  maximum  floods,  however,  are  of  short  duration,  and  a  consider- 
able amount  would  be  stored  in  the  lake,  as  its  level  is  raised  from  the 
normal  level  to  the  extreme  height  of  such  a  flood.  With  the  surface  of 
the  lake  at  Elevation  85,  corresponding  to  a  bottom  level  at  Elevation 
50,  as  used  in  estimating  the  Culebra  Out,  the  surface  area  of  this  lake 
is  3S.5  sq.  miles,  or  about  1  075  000  000  sq.  ft.  A  rise  from  a  depth 
of  1  ft.  to  a  depth  of  5  ft.  over  the  spillway  would  represent  a  storage 
of  4  300  000  000  cu.  ft.,  an  average  of  50  000  cu.  ft.  per  second  for  24 
hours,  or  25  000  cu.  ft.  per  second  for  two  days.  A  detailed  study 
shows  that,  with  a  discharge  of  100  000  cu.  ft.  per  second  into  the 
whole  basin,  the  discharge  is  never  lively  to  exceed  75  000  cu.  ft.  per 
second  over  the  spillway,  and  5  ft.  maybe  accepted  as  the  variation  in 
the  level  of  the  lake.  Should  a  greater  flood  occur  it  would  merely 
mean  a  little  higher  level  in  the  lake,  which  might  possibly  rise  to 
about  6  ft.  above  the  crest  of  the  spillway.  Furthermore,  the  canal 
through  the  Culebra  Cut  would  have  a  cross- sect  ion,  during  this  high 
water,  of  over  6  000  sq.  ft.,  capable  of  taking  off,  at  5  ft.  per  second,  a 
discharge  of  30  000  cu.  ft.  per  second;  and  the  canal  north  of  the  Bohio 
Dam  would  have  a  cross-section  of  not  less  than  7  000  sq.  ft. ,  capable 
of  taking  off,  at  a  speed  of  3  ft.,  per  second,  21  000  cu.  ft.  per  second. 

This  general  arrangement  means  a  lake  the  surface  of  which  varies 
from  Elevation  85,  when  level  with  the  top  of  the  spillway,  to  Eleva- 
tion 90,  under  extreme  flood  conditions,  with  a  bare  possibility  of 
reaching  Elevation  91.  It  involves  a  spillway  at  Gigante  and  a  dam 
at  Bohio,  of  which  structures  more  will  be  said  hereafter.  Compara- 
tively little  excavation  would  be  required  in  any  portion  of  the  lake, 
the  total  between  the  Bohio  Dam  and  Obispo  being  barely  2  000  000 
cu.  yds,,  of  which,  perhaps,  one-fourth  is  rock,  and  the  total  cost  of 
which  would  not  exceed  $1  000  000. 

Below  the  Bohio  Dam  the  old  French  location  followed  the  valley 
of  the  Chagres  about  9  miles  to  Gatun,  where  the  Chagres  turns  ab- 
ruptly to  the  west  and  enters  the  Caribbean  Sea  some  miles  west  of 
Colon.  This  is,  perhaps,  the  only  location  for  a  tide-level  canal.  For 
4  miles  of  this  distance  the  Chagres  has  absolutely  abandoned  its  old 
course  and  flows  through  the  canal.      The  discharge  over  the  Gigante 
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Spillway  will  enter  the  Chagres  about  2  miles  below  Bohio;  below  this 
point  one  of  three  courses  is  practicable.  The  same  course  may  be 
adopted  that  is  proposed  for  a  tide-level  canal,  giving  the  canal  a  sec- 
tion of  such  dimensions  that  it  could  pass  the  flood  discharge  within 
its  own  limits.  The  valley  here  is  generally  comparatively  broad,  and 
the  floods  can  be  kept  out  of  the  canal  by  constructing  a  levee  on  the 
west  side  of  it;  this  plan  involves  a  discharge  channel  between  the  two 
swamps,  Pena  Blanca  and  Agua  Clara,  besides  which  a  new  channel 
for  the  Chagres  must  be  dug  across  a  neck  of  land  opposite  Gatun 
and  about  three-quarters  of  a  mile  from  the  canal.  A  location  can  be 
adopted  east  of  the  Chagres  valley,  between  Bohio  and  Gatun,  by 
which  the  canal  can  be  kept  a  safe  distance  from  the  Chagres  and  for 
half  the  way  at  a  safe  height  above  it.  This  third  plan  has  the  advan- 
tage of  saving  1J  miles  of  distance.  Furthermore,  there  is  an  excel- 
lent site  for  a  lock  at  Tiger  Hill,  6  miles  from  Bohio,  by  which  it  is  pos- 
sible to  reduce  the  lift  of  the  Bohio  locks.  This  last  line  is  preferred 
by  the  writer,  and  is  used  in  this  description.  It  is  the  line  shown  on 
the  general  map,  Plate  I.  The  level  of  the  surface  of  the  canal  is 
maintained  at  26  ft.  above  mean  tide  south  of  the  Tiger  Hill  lock,  the 
bottom  of  the  canal  being  9  ft.  below  mean  tide.  The  one  defect  of 
this  plan  is  that  the  water  is  carried  a  few  feet  above  the  level  of  the 
surrounding  country,  but  there  is  such  an  enormous  excess  of  excava- 
tion in  the  canal  that  an  embankment  of  almost  indefinite  width  can 
be  built  on  the  river  side.  This  line  joins  the  French  location  at 
Gatun,  and  the  new  channel  for  the  Chagres  opposite  Gatun  is  still 
necessary. 

The  problem  of  the  control  of  the  Chagres  is  absolutely  solved  by 
the  construction  of  three  works  :  the  Bohio  Dam,  the  Gigante  Spillway 
and  the  Gatun  Diversion. 

Wateb  Supply. 

The  only  source  from  which  a  supply  of  water  for  the  summit  level 
oan  be  obtained  by  gravity  is  the  Chagres  River.  The  French  plan, 
which  contemplated  a  summit  level  above  that  of  the  lake,  proposed 
to  build  a  dam  at  Alhajuela  and  convey  the  water  by  a  feeder,  of  com- 
plicated design,  from  the  dam  to  the  summit.  The  same  arrangement 
was  proposed  by  Captain  E.  P.  Lull,  U.  S.  N.,  in  1875.  If  the  lake 
itself  be  made  the  summit  level,  any  such  feeder  becomes  unnecessary, 
and  the  canal  will  be  fed  at  all  times  by  the  Chagres  Biver  and  the 
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various  tributaries  which  are  intercepted  by  the  lake.  Were  the  dis- 
charge of  the  Chagres  and  its  various  affluents  at  all  times  equal  to 
the  demands  of  the  canal,  no  further  provision  would  be  required. 
There  is,  however,  a  short  period  in  the  early  part  of  each  year  when  the 
supply  is  always  small  and  sometimes  inadequate.  The  actual  de- 
mands for  water  for  canal  uses  may  be  limited  to  three  purposes: 
lockage,  seepage  and  evaporation.  Besides  this,  the  French  estimates 
have  made  provision  for  power,  but  this  is  hardly  an  actual  necessity 
of  the  canal,  and  can  be  provided  in  other  ways,  if  the  water  supply  is 
inadequate.  Furthermore,  the  amount  of  water  actually  needed  for 
power  is,  in  the  aggregate,  exceedingly  small. 

With  the  water  in  the  lake  at  a  normal  elevation  of  85  there  will  be 
a  descent  of  59  ft.  to  the  intermediate  level  on  the  Atlantic  side,  and 
of  59  ft.  to  the  intermediate  level  on  the  Pacific  side,  an  average  of  58 
ft.  Each  descent  is  accomplished  by  two  locks,  the  average  lift  of 
which,  in  the  period  when  an  economy  of  water  is  important,  is  29  ft. 
These  locks,  according  to  the  plan  adopted  by  the  Isthmian  Canal 
Commission,  are  84  ft.  wide  and  790  ft.  long  between  gates;  each  lock 
ohamber  contains,  therefore,  1  924  470  cu.  ft.  If  it  ,be  assumed  that 
ten  vessels  pass  through  the  canal  daily,  each  using  two  full  locks  of 
water,  one  ascending  and  one  descending,  the  total  daily  consumption 
will  be  38  488  800  cu.  ft.,  or  415  cu.  ft.  per  second.  This  amount  will 
be  reduced  materially  if  intermediate  gates  are  provided  in  the  locks  so 
that  smaller  vessels  can  take  less  than  a  lock  full  of  water. 

The  seepage  will  be  confined  principally  to  the  Bohio  Dam.  There 
is  a  short  piece  of  embankment  near  the  Gigante  Spillway,  but  it  is  of 
such  insignificant  dimensions  as  to  be  of  no  importance.  Elsewhere, 
the  summit  lake  is  confined  between  the  natural  walls  of  mountain 
valleys.  Estimated  on  the  basis  used  in  the  paper  on  "  The  Bohio 
Dam,"  but  with  the  head  reduced  to  60  ft.,  the  requirement  for  seep- 
age would  be  28  cu.  ft.  per  second. 

To  the  seepage  proper  must  be  added  the  waste  of  water  the 
locks.  This  will  depend  very  largely  on  gate  construction,  character 
of  valves,  and  care  of  lock  tenders.  A  provision  of  200  cu.  ft.  per  sec- 
ond would  seem  to  be  ample. 

The  area  of  the  lake  is  38. 5  sq.  miles,  or  1 075 003  000  sq.  ft.,  and  the 
evaporation  over  this  area,  taken  at  0.5  ft.  per  month,  or  0.0167  ft.  per 
day,  or  0.00000019  ft.  per  second,  amounts  to  207  on.  ft.  per  second 
over  the  whole  area  of  the  lake. 
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This  makes  the  entire  water  requirement,  with  no  provision  for 
power,  880  cu.  ft.  per  second.  These  figures  will  vary  on  different 
assumptions,  but  it  is  safe  to  say  that  1 000  cu.  ft.  per  second  would 
be  a  generous  supply  for  any  traffic  that  is  yet  in  sight.  Furthermore, 
with  the  tendency  to  increase  the  size  of  ships,  it  is  probable  that  the 
actual  number  of  ships  will  be  less,  rather  than  more,  than  ten  daily. 

In  a  general  way,  it  may  be  said  that,  out  of  a  total  of  1  000  cu.  ft. 
per  second,  450  cu.  ft.  will  be  required  for  lockage,  260  cu.  ft.  for 
seepage  and  leakage  at  gates,  and  200  cu.  ft.  for  evaporation,  leaving 
100  cu.  ft.  per  second  for  margin  and  power.  This  quantity  of  water, 
100  cu.  ft.  per  second,  falling  85  ft.,  will  produce  about  800  H.-P.  on 
the  shaft  of  a  turbine  wheel. 

The  average  monthly  discharge  of  the  Ohagres  at  Bohio  always 
exceeds  1  000  cu.  ft.  per  second,  except  during  a  period  of  varying 
length  in  the  months  of  February,  March,  April  and  May.  It  may 
have  fallen  as  low  as  350  cu.  ft.  per  second  for  a  few  days.  The  French 
Company  has  kept  daily  observations  at  Bohio  of  the  stage  of  water 
for  about  ten  years.  From  these  stages  the  daily  rates  of  discharge 
have  been  calculated,  and  from  these  results  it  is  easy  to  determine 
the  deficiencies,  below  an  average  of  1 000  cu,  ft.  per  second,  which 
have  occurred  during  the  period  of  these  observations.  These 
deficiencies  for  nine  years  are  shown  in  Table  No.  1,  the  last  column 
of  which  shows  the  depth  of  water  in  the  lake  corresponding  thereto. 

TABLE  No.  1. 

Year.  Cubic  feet.       Feet. 

1891 2  600  000  000     2.42 

1892 291 600  000  0.27 

1893 1  166  400  000  1.09 

1894 637  000  000  0.60 

1895 864  000  000  0.80 

1896 648  000  000  0.61 

1897 1728  000  000  1.61 

1898 Records  incomplete. 

1899 172  800  000  0.16 

1900 1296  000  000  1.21 

1901 230  000  000  0.21 

1902 0  0. 
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There  are  several  ways  to  provide  for  this  deficiency.  The  first 
would  be  to  take  it  from  the  lake,  which  has  an  area  of  1  075  000  000 
sq.  ft. ;  the  last  column  of  Table  No.  1  shows  that  this  reduction  would 
still  leave  it  possible  for  ships  drawing  30  ft.  at  sea  to  pass  through. 
Another  method  would  be  to  lower  the  bottom  of  the  canal  through 
the  summit  level  3  ft. ;  this  is  the  plan  proposed  by  the  Isthmian 
Canal  Commission;  it  would  add  about  1500  000  cu.  yds.  to  the 
Culebra  Cut,  besides  increasing  the  height  of  the  long  retaining  walls 
and  the  cost  of  the  looks;  it  may  be  roughly  estimated  as  adding  from 
$2  500  000  to  83  000  000  to  the  cost  of  the  canal.  Another  method 
would  be  by  the  construction  of  the  Alhajaela  Dam,  proposed  by  the 
French  Company,  by  which  a  lake  could  be  formed  in  the  upper 
Chagres  Valley,  in  which  15  000  000  000  cu.  ft.  of  water  could  be  stored. 
If  the  construction  of  this  dam  were  deferred  until  after  the  comple- 
tion of  the  other  work,  so  that  the  lake  could  be  used  for  transporting 
material,  Elevation  85  carrying  still  water  almost  to  the  site  of  the 
dam,  the  cost  of  the  dam  would  not  exceed  the  cost  of  deepening  the 
lake,  and  it  would  have  the  further  advantage  of  storing  water  above 
the  dam,  by  which  the  violence  of  the  Hoods  below  the  dam  would  be 
diminished.  A  fourth  method  would  be  by  the  use  of  the  old  Yankee 
device  of  flash-boards,  by  which  the  level  of  the  lake  could  easily  be 
raised  3  ft.  above  the  crest  of  the  spillway,  without  involving  any 
increase  in  the  height  of  water  during  extreme  floods.  In  the  judg- 
ment of  the  writer,  the  canal  should  be  opened  with  no  special 
provision  for  additional  water  supply  during  the  dry  months,  other 
than  what  would  bo  obtained  by  lowering  the  level  of  the  lake  or  by 
the  use  of  flash-boards.  Experience  will  show  what  additional  storage 
is  required,  and,  if  needed,  it  can  be  more  economically  provided  after 
the  other  works  are  completed  than  before. 

Ten  lockages  each  way  daily  represent  the  passage  of  3  650  ships  a 
year,  if  no  two  ships  are  ever  passed  together  through  the  same  lock 
at  the  same  time.  This  would  undoubtedly  be  done  occasionally  with 
small  vessels.  If  10%  is  added  on  this  account,  they  represent  a  passage 
of  4  000  ships  a  year,  and  if  these  have  an  average  of  2  500  tons,  net, 
they  represent  a  total  of  10  000  000  tons  yearly.  The  number  of  ships 
passed  through  the  Suez  Canal  in  1901  was  3  699,  the  average  net 
tonnage  being  2  926  tons.  It  is  probable  that  the  average  net  tonnage 
will  be  at  least  4  000  tons  when  the  Panama  Canal  is  opened,  and  that 
ten  lockages  each  way  daily  would  represent  at  least  15  000  000  tons. 
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It  is  important,  however,  to  consider  the  possibilities  of  water- 
supply  for  larger  traffic.  Of  the  1  000  cu.  ft.  per  second  required  for 
the  wants  of  the  canal,  460  ou.  ft.  are  consumed  in  lockage.  If,  there- 
fore, the  number  of  lockages  is  doubled,  representing  a  passage  of  at 
least  twenty  ships  daily,  the  requirements  are  1  450  cu.  ft.  per  second; 
thirty  passages  would  require  1  900  cu.  ft.  per  second,  and  forty 
passages  2  350  cu.  ft.  per  second.  The  length  of  time  when  the 
discharge  of  the  Chagres  falls  below  these  requirements  increases  with 
the  amounts,  but  in  no  instance  of  which  we  have  any  record  has  it 
fallen  below  the  maximum  requirement  of  2  350  ou.  ft.  per  second  for 
a  continuous  period  of  more  than  four  months.  The  deficiencies  below 
these  requirements  are  given  in  Table  No.  'J,  and  are  shown  in  the- 
diagram,  Fig.  2. 

TABLE  No.  2. 


Year. 

Below  1 450  cu.  ft. 

Below  1  900  cu.  ft. 

Below  2860  cu.  ft. 

1891. 

...  5  437  000  000 

9435  000  000 

13  712  000  000 

1892. 

..  1069  200  000 

2  575  600  000 

6  505  900  000 

1893. 

..  2  760  500  000 

5  376  500  000 

8  456  700  000 

1894  . . 

..  3164  200  000 

6  531  600  000 

11  095  700  000 

1895  . . 

..  2  140  600  000 

5  056  600  000 

8  084  900  000 

1896. 

..  2  708  600  000 

5  585  700  000 

8  873  900  000 

1897  . . 

..  4  060  800  000 

7  171  200  000 

10  476  000  (XX) 

1898  . . 

..  1555  000  000 

3  382  000  000 

6  363  000  000 

1899  . . 

..  2  702  400  000 

5  546  300  000 

9  977  900  000 

1900.. 

..  4  523  000  000 

8  217  000  000 

12  494  000  000 

1901  . 

..  4  900  840  000 

8  985  140  000 

13  261  940  000 

1902  . . 

. .   505  400  000 

2  605  000  000 

5  326  600  000 

To  meet  this  deficiency  it  will  be  necessary  to  build  a  dam  at  or 
near  Alhajuela.  A  dam  built  there,  of  the  height  proposed  by  the 
French  engineers,  would  form  a  lake  with  a  total  storage  capacity  of 
14  700  000  000  cu.  ft.  The  greatest  deficiency  (13  712  000  000  cu.  ft.) 
would  require  a  storage  of  660  cu.  ft.  per  second  for  a  period  of  eight- 
months,  making  the  total  average  requirements  for  these  eight  months 
3010  cu.  ft.  per  second.  The  least  discharge  for  eight  months,  of 
which  there  is  any  record,  occurred  in  1899  and  averaged  4  340  cu.  ft. 
per  second,  showing  that  there  is  ample  margin  for  evaporation  and 
contingencies. 

The  last  supposition  provides  for  14  600  passages  yearly.     Before 
this  number  of  ships  is  reached  it  is  probable  that  the  average  tonnage 
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will  be  more  than  doubled  and  that  this  will  represent  a  traffic  of  from 
80  000  000  to  100  000  000  tons  annually. 

The  system  now  proposed  for  the  control  of  the  Chagres  and  for 
the  supply  of  water  to  the  sum  it  level  is  entirely  automatic,  except 
under  two  conditions  which  would  very  rarely  occur.  In  case  of 
extreme  flood,  if  it  is  desired  to  pass  any  water  through  the  canal,  it 
must  be  done  by  opening  the  lock  valves  or  the  gates  of  a  special  by- 
pass. If  the  Alhajuela  Dam  is  built  to  make  an  upper  storage 
reservoir,  gates  must  be  opened  by  which  the  water  will  be  received 
from  that  reservoir;  or,  if  flash-boards  are  used,  those  flash-boards 
must  be  replaced  after  floods  of  exceptional  violence,  an  operation  of 
the  very  simplest  kind.  The  beauty  of  the  plan  recommended  is  that, 
in  boldly  treating  the  subject  as  a  whole,  the  annoyance  and  dangers 
of  detail  are  avoided. 

Culebba  Cut. 

The  term  "Culebra  Cut"  is  applied  by  the  French  Company  to 
the  single  mile  of  cutting  of  greatest  magnitude.  As  used  in  thia 
paper  it  is  understood  to  apply  to  the  entire  cut  between  the  Chagrea 
valley  and  the  point  where  tide  water  is  first  reached  on  the  Pacific 
side,  the  northern  terminus  of  this  cut  being  at  Obispo  and  the 
southern  terminus  at  Pedro  Miguel,  a  total  distance  of  nearly  8  miles, 
of  which  the  southern  2  miles  are  in  a  comparatively  low  country.  For 
5  miles  this  cut  is  really  through  a  mountain,  the  maximum  original 
height,  on  the  center  line  of  the  canal,  being  330  ft.  above  mean  tide. 
"While  in  the  upper  part  of  the  work  where  the  cut  was  first  opened 
there  is  some  soft  and  slippery  clay,  nearly  the  whole  of  this  excavation 
must  be  made  through  a  material  which  has  generally  been  rated  as 
rock.  It  is,  in  fact,  an  indurated  clay,  not  firm  enough  to  class  as 
shale,  but  perhaps  quite  as  hard  to  work.  It  is  intersected  here  and 
there  by  thin  strata  and  dikes  of  hard  limestone.  It  is  a  material 
which  would  weather  rapidly  and  go  to  pieces  in  a  northern  climate 
where  there  is  frost;  in  the  damp  warm  climate  of  the  Isthmus  it  does 
better,  but  when  fragments  are  immersed  in  water  they  fall  into 
powder,  and  it  would  evidently  be  unsafe  to  expose  the  unprotected 
sides  of  this  excavation  to  the  wash  of  the  water  in  the  canal.  It  was 
the  judgment  of  the  Commission,  in  which  the  writer  fully  concurs, 
that  this  cut  should  be  estimated  on  the  basis  of  slopes  of  1  on  1, 
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which  is  a  little  flatter  than  the  slope  adopted  by  the  new  French 
Company.  This  does  not  mean  that  the  cut  would  be  excavated  to 
those  lines.  The  plan  selected  by  the  French  Company,  consisting  of 
a  number  of  benches  connected  by  comparatively  steep  slopes,  is 
probably  the  best  way  to  finish  the  sides  of  the  cutting,  but  it  was 
thought  that  an  estimate  based  on  uniform  slopes  of  1  on  1  wonld  give 
aggregate  results  quite  as  close  to  the  actual  work  as  could  be  obtained 
by  more  complicated  calculations;  furthermore,  it  would  probably 
leave  a  margin  to  cover  such  special  repairs  as  may  be  found  necessary 
where  faults  and  weaknesses  appear  on  the  slopes.  On  the  basis  of 
160  ft.  bottom  width  and  slopes  of  1  on  1,  this  cut,  7.95  miles  long 
between  Obispo  and  Pedro  Miguel,  with  the  bottom  at  an  elevation  of 
47  ft.  above  mean  tide,  was  estimated  by  the  Isthmian  Canal  Com- 
mission to  contain  43  237  000  cu.  yds.  With  the  depth  remaining  con- 
stant, each  foot  of  increased  or  decreased  width  would  represent, 
approximately,  150000  cu.  yds.,  provision  being  made  for  retaining  the 
full  width  at  a  passing  point,  1  600  ft.  long,  near  the  middle  of  this 
section.  As  the  side  slopes  are  1  on  1,  the  bottom  width  being 
constant,  each  foot  that  the  bottom  is  raised  or  lowered  would  represent 
an  approximate  decrease  or  increase  of  300  000  cu.  yds.,  besides  the 
bottom  excavation  above  or  below  Elevation  47.  If  the  bottom  were 
raised  3  ft.,  to  Elevation  50,  it  would  save  1  600  000  cu.  yds.,  reducing 
the  volume  to  approximately  41  600  000  cu.  yds.  If  the  width  of  this 
cut  were  reduced  from  150  to  100  ft.,  this  would  represent  a  further 
approximate  saving  of  7  500  000  cu.  yds. 

On  the  other  hand,  if  the  bottom  of  the  canal  were  lowered  to  35 
ft.  below  mean  tide,  the  bottom  width  being  reduced  to  100  ft.,  re- 
verting to  the  original  de  Lesseps  scheme  for  a  tide-level  canal,  the 
amount  of  excavation  in  crossing  the  divide  would  be  increased  to 
about  85  000  000  cu.  yds.  While  this  quantity  is  enormous,  it  is  not 
beyond  the  capacity  of  a  well-conducted  work. 

The  concentration  of  so  large  an  amount  of  excavation  in  so  small 
a  distance  is  without  precedent.  The  engineer  will  recognize  at  once 
that  it  requires  thorough  organization,  and  tools  specially  adapted  to 
the  work.  The  large  plant  provided  by  the  old  French  Company  is 
now  from  fifteen  to  twenty  years  old.  Those  years  have  been  years  of 
unusual  development  in  this  class  of  machinery.  Time  is  of  the 
utmost  importance.     The  wisest  course  would  be  to  consign  practi- 
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cally  everything  which  is  now  on  the  Isthmus  to  the  scrap  heap,  and 
handle  this  work  with  the  best  modern  tools  that  can  be  obtained; 
some  of  these  might  be  tools  which  could  be  bought  in  the  market 
but  many  must  be  specially  designed  for  this  particular  work. 
Fortunately,  there  is  ample  ground  on  which  to  deposit  the  spoil  from 
this  great  cut  both  north  and  south  of  the  divide,  but  the  manner  of 
conducting  the  work,  both  in  general  principles  and  in  detail,  should 
be  thoroughly  worked  out  before  actual  execution  is  begun.  No  work 
has  ever  been  undertaken  on  which  the  highest  class  of  practical  en- 
gineering talent  could  produce  so  great  economies  as  in  this  particular 
great  concentrated  excavation.  The  Isthmian  Canal  Commission 
estimated  the  cost  of  this  excavation  at  80  cents  per  cubic  yard;  bad 
management  would  quickly  raise  this  to  a  dollar,  and  it  is  not  impos- 
sible that  with  a  carefully  considered  equipment  the  cost  could  be 
reduced  to  60  cents.  In  this  single  cut  #25  000  000  is  an  easy  measure 
of  the  difference  between  competent  and  incompetent  management. 

As  already  stated,  it  is  thought  unsafe  to  allow  the  earth  in  this  cut 
to  be  washed  by  the  water  of  the  canal.  The  French  plans  'have  recog- 
nized this  and  have  provided  for  facing  the  slopes  of  the  canal  with 
masonry.  The  construction  of  this  cut  interferes  with  the  old  line  of 
the  Panama  Railroad.  With  the  canal  completed,  the  railroad  will 
have  little  value  except  as  a  tender  to  the  canal,  and  its  most  conve- 
nient location  would  be  close  to  the  canal.  It  is  important  to  provide 
broad  benches  between  the  water  of  the  canal  and  the  Blopes 
of  the  cut,  so  that  any  material  which  may  break  loose  on  the  slopes 
can  be  stopped  and  handled  before  it  reaches  the  water  of  the  canal. 
It  is  desirable,  if  the  sides  of  the  canal  are  lined  with  masonry,  to  have 
this  masonry  nearly  vertical,  so  that  there  would  be  no  danger  of  a 
ship  striking  the  masonry  lining  below  water.  These  requirements 
are  met  by  a  special  cross-section,  which  is  shown  in  Fig.  2.  The 
masonry  walls  may  appear  unnecessarily  expensive,  but  their  function 
is  triple — they  protect  the  slopes  from  the  wash  of  the  water;  they 
accommodate  the  Panama  Railroad;  and  they  provide  a  bench  in  case  of 
accident  on  the  slopes.  These  walls  should  be  provided  for  a  length  of 
32  000  ft.— about  6  miles.  They  would  contain  in  the  aggregate  1 200  000 
cu.  yds.  of  concrete  masonry,  and  their  length  and  cost  is  practically 
independent  of  the  elevation  of  the  canal  bottom  or  the  width  of  the 
canal. 
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Combining  these  two  results  and  using  the  price  of  80  cents  per 
oubio  yard  for  excavation  and  $8  per  cubic  yard  for  concrete  masonry,, 
we  have  as  an  approximate  estimate  of  the  cost  of  this  cut,  with  a. 
bottom  width  of  150  ft.  at  Elevation  50,  $43  000  000.  Each  foot  of 
increased  width  will  represent  an  additional  cost  of  $120  000,  and  each 
foot  that  the  bottom  may  be  lowered  will  represent  an  additional  cost 
of  about  $400  000. 

A  tide-level  canal  35  ft.  deep,  with  a  bottom  width  of  150  ft.  between 
Obispo  and  Pedro  Miguel,  would  cost  nearly  $90  000  000. 

Intermediate  Levels. 

There  would  be  two  intermediate  levels — a  level  5.58  miles  long 
between  the  Bohio  and  Tiger  Hill  locks  on  the  Atlantic  side,  and  a 
level  1.27  miles  long  between  the  Pedro  Miguel  and  the  Miraflores 
locks  on  the  Pacific  side. 

The  former  may  be  designated  as  the  Tiger  Hill  Level  and  the  latter 
as  the  Miraflores  Level. 

The  normal  surface  of  the  water  in  the  Tiger  Hill  Level  is  at 
Elevation  26,  the  bottom  of  the  excavation  being  at  Elevation  —  9.  This, 
level  involves  nearly  8  000  000  cu.  yds.  of  excavation,  of  which  about 
one-third  would  be  rock.  Its  estimated  cost  is  about  $5  000  000.  For 
a  portion  of  the  distance  the  water  in  the  canal  is  carried  above  the 
level  of  the  surrounding  country,  and  it  is  carried  across  the  bed  of 
the  Chagres  three  times,  twice  at  places  where  that  bed  is  already 
abandoned,  and  once  at  Bohio,  where  the  river  will  continue  to  flow 
until  the  discharge  of  the  lake  through  the  Gigante  Spillway  is 
accomplished.  No  complete  borings  have  yet  been  taken  along  this 
line  of  the  canal,  but  the  indications  are  that  no  serious  trouble  is  to 
be  expected,  the  only  possibility  being  leakage,  which  can  be  con- 
trolled  by  a  moderate  amount  of  puddling. 

The  normal  surface  of  the  water  in  the  Miraflores  Level  is  at  Eleva- 
tion 28,  the  bottom  of  the  excavation  being  at  Elevation  —  7.  This  level 
is  perfectly  straight,  and  involves  only  1  200  000  cu.  yds.  of  excava- 
tion, of  which  one-quarter  may  be  rock.  The  estimated  cost  is  $800  000. 
This  section  is  really  the  deepening  of  a  natural  valley,  and  the  surface 
width  of  the  water  will  exceed  that  of  the  canal  proper.  A  small 
fixed  dam,  which  will  act  as  a  spillway,  will  be  required  adjoining  the 
Miraflores  Lock. 
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Mabitimb  Levels. 

The  Atlantic  Maritime  Level  will  be  9.33  miles  long,  from  the 
6- fathom  contour  in  Colon  Harbor  to  the  Tiger  Hill  lock,  of  which 
seven-tenths  of  a  mile  will  be  outside  the  terminus  of  the  French  Canal. 
The  difficulties  of  the  35-ft.  channel  are  more  marked  here  than  at 
any  other  place.  Colon  Harbor  practically  lies  entirely  within  the 
6-fathom  contour,  so  that  the  channel  has  to  be  extended  from  the 
terminus  proposed  for  the  French  Canal  completely  through  the 
harbor  to  deep  water.  It  is  probable  that  a  considerable  amount  of 
coral  rock  will  be  met  in  excavating  this  line  to  deep  water,  although 
the  exact  amount  is  not  known.  The  cost  of  the  channel  outside  the 
terminus  of  the  French  Canal,  excavated  with  a  bottom  width  of  500 
ft.,  was  estimated  by  the  Isthmian  Canal  Commission  at  $1  284  270. 
This  work  could  be  deferred  until  after  the  opening  of  the  canal,  but 
•it  must  be  done  before  the  largest  class  of  vessels  can  be  accom- 
modated. Very  careful  and  full  surveys  must  be  made  of  this  portion 
of  the  bay  before  the  best  location  for  this  deep-water  channel  can  be 
determined,  and  it  is  possible  that  it  may  be  found  best  to  cut  through 
the  artificial  point  on  which  the  statue  of  Christopher  Columbus  now 
stands,  making  the  terminus  of  the  canal  near  the  northern  end  of 
Colon,  at  which  point  some  kind  of  protective  breakwater  may  then 
be  required.  The  8.92  miles  of  canal  proper,  from  the  terminus  of 
the  French  work,  opposite  the  statue  of  Columbus,  to  the  Tiger  Hill 
lock,  would  involve  an  excavation  of  14  761  669  cu.  yds.,  this  includ- 
ing an  allowance  for  an  inshore  basin,  and  is  estimated  to  cost 
$9  813  000,  making  the  approximate  cost  of  the  entire  maritime  section 
$11 100  000,  of  which  $1  300  000  can  be  deferrred  until  after  the  open- 
ing of  the  canal. 

The  Pacific  Maritime  Section  is  8.60  miles  long  from  Miraflores  lock 
to  the  6-fathom  contour  in  Panama  Bay.  Of  this,  5.50  miles  are  canal 
proper,  through  a  very  low  country,  and  the  remaining  3.10  miles  are 
open  channel,  through  Panama  Bay.  This  section  involves  the  excava- 
tion of  nearly  7  000  000  cu.  yds.,  of  which  about  one-fifth  would  be 
rock  under  water — the  most  expensive  kind  of  excavation — and  the 
remainder  hydraulic  dredging — the  very  cheapest  kind  of  excavation. 
The  estimated  cost  of  this  level  is  somewhat  less  than  88  000  000. 

The  description  already  given  of  the  Tide-Level  Canal  has  included 
the  line  through  to  deep  water  in  the  Atlantic.     On  the  Pacific  side,  the 
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work  between  the  Miraflores  look  and  the  6-fathom  contour  would  be 
identical  with  that  of  the  high-level  canal.  The  Miraflores  lock  would 
be  required  as  a  tide  lock.  The  Miraflores  Level  would  be  lowered 
28  ft.  The  excavation  on  this  level  would  be,  approximately,  2  500  000 
cu.  yds.,  at  a  cost  of,  approximately,  $2  500  000,  a  portion  being  rock 
under  water. 

Special  Stbuctubes. 

If  the  tide-level  canal  were  adopted,  but  two  special  structures 
would  be  required — a  tide  lock  at  Miraflores  and  a  dam  at  Alhajuela, 
the  object  of  the  dam  being  simply  to  check  the  flow  of  extreme 
floods,  and  its  construction  could  be  deferred  until  the  completion  of 
the  canal.  The  lock  at  Miraflores  would  be  fitted  with  double  gates 
and  used  strictly  as  a  tide  lock.  In  cases  of  extreme  floods  the  gates 
should  be  kept  closed  at  all  times,  so  as  to  prevent  any  undue  current 
through  the  summit  cut.  Under  ordinary  conditions  it  might  be 
expedient  to  leave  all  the  gates  open  when  the  tide  is  above  mean 
stage,  thus  allowing  a  moderate  current  to  flow  from  the  Pacific  to  the 
Atlantic  during  high  tide.  The  exact  working  of  such  a  look  would, 
however,  be  determined  by  experience.  The  approximate  cost  of  the 
look  and  the  Alhajuela  Dam,  including  a  railroad  to  the  dam  site,  may 
be  taken  at  $8  000  000. 

On  the  high-level  canal  there  would  be  six  important  constructions, 
besides  five  other  works  of  less  size.  These  eleven  constructions  are 
as  follows: 

1. — Bohio  Dam; 

2. — Gigante  Spillway; 

3.— Bohio  Locks; 

4. — Pedro  Miguel  Locks; 

5.— Tiger  Hill  Lock; 

6. — Miraflores  Lock; 

7.— Obispo  Gates; 

8.— Tiger  Hill  Spillway. 

9. — Miraflores  Spillway; 
10. — Diversion  Channel  near  Gatun; 
11. — Diversion  of  Panama  Railroad. 

Bohio  Dam. —The  summit  level  is  sustained  by  the  Bohio  Dam, 
although  its  height  is  regulated  by  the  Gigante  Spillway.     The  situa- 
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tion  of  the  dam,  about  3  miles  away  from  the  spillway,  is  very  import- 
ant. The  functions  of  the  dam  are  confined  to  holding  back  the 
water,  the  dam  never  being  exposed  to  any  currents,  either  above  or 
below,  and  the  only  source  of  danger  being  wave  action  and  possible 
infiltration.  The  plan  of  dam  which  the  writer  prefers  is  described  in 
the  paper  on  "  The  Bohio  Dam."*  Since  that  time  his  attention  has 
been  called  to  a  form  of  metallic  sheet-piling,  designed  and  used  by 
Mr.  George  W.  Jackson,  of  Chicago,  composed  of  channels  and 
I-beams,  which  seems  to  admit  of  penetration  to  very  great  depths, 
and  may  form  an  inexpensive  and  available  method  of  absolutely  clos- 
ing the  seepage  through  the  valley,  should  such  closure  be  considered 
sufficiently  important.  This  arrangement  of  sheet-piling  is  shown  in 
Fig.  4. 
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Fig.  4. 

Glgante  Spillway. — The  Gigante  Spillway,  although  a  work  of  con- 
siderable magnitude,  involves  no  special  difficulties  in  cods  traction, 
as  rock  is  found  for  its  entire  length  above  tide-water  level.  It  would 
be  built  in  the  form  of  a  masonry  dam  with  a  crest  2  000  ft.  long.  The 
estimated  cost  of  this  spillway  is  $1  200  000,  this  including  the  exca- 
vation for  the  foundation  and  such  excavation  as  is  necessary  to  make 
a  clear  approach  for  the  water  from  the  lake. 

Locks. — There  will  be  four  sets  of  locks,  of  which  two,  at  Tiger  Hill 
and  Miraflores,  have  a  single  lift;  and  two,  and  Bohio  and  Pedro 
Miguel,  a  double  lift.  It  is  proposed  to  build  twin  locks  in  every 
case,  so  that  an  accident  to  a  single  lock  would  not  close  the  canal  to 
traffic.  The  construction  of  the  second  lock  would,  however,  be  prop- 
erly deferred  until  after  the  opening  of  the  canal.  This  arrangement 
requires  twelve  lock  chambers,  in  all. 

The  plan  of  the  French  engineers  involved  sixteen  lock  chambers y 
which  they  estimated  to  cost  137  000  000  francs,  or  8  562  500  franca 
per  chamber — in  round  numbers,  $1  700  000  per  lock  chamber. 

The  Isthmian  Canal  Commission,  estimating  on  the  line  now  recom- 
mended, made  the  cost  of  the  locks  $29 189  994,  an  average  of 
$2  432  500  per  lock  chamber. 

•Transactions,  Am.  8oc.  C.  E.,  Vol.  xlviii,  p.  285. 
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Ifc  is  probable  that  a  considerable  saving  could  be  made  by  using 
metal  in  combination  with  the  concrete  of  the  locks,  but,  for  present 
purposes,  the  estimate  of  the  Isthmian  Canal  Commission  may  be 
accepted,  and  the  cost  of  the  locks  given  in  round  numbers  as 
$29000  000,  of  which  about  $17  000  000  would  represent  the  cost  of 
the  first  set  of  locks  and  $12  000  000  the  cost  of  the  second  or  twin 
locks. 

Obispo  Gates. — Conditions  can  be  conceived  of  in  which  it  will  be 
important  to  draw  off  the  water  from  the  Culebra  Cut  without  dis- 
turbing the  water  in  the  lake.  For  this  purpose  a  pair  of  gates  should 
be  placed  at  the  north  end  of  the  cut.  These  gates,  if  made  100  ft. 
wide,  with  the  necessary  masonry  and  excavation,  are  estimated  to 
cost  $300  000. 

Tiger  Hill  and  Miraflores  Spillways. — Two  spillways  are  required, 
one  adjoining  the  Tiger  Hill  lock  and  the  other  adjoining  the  Mira- 
flores lock,  to  take  care  of  excess  water  in  the  intermediate  levels. 
These  are  small  affairs,  the  estimated  cost  of  the  two  being  less  than 
$100  000. 

Diversion  Channels. — The  principal  diversion  channel  required  will 
be  that  across  the  peninsula  opposite  Gatun;  this  would  be  a  cut  of 
considerable  magnitude,  and  much  of  it  would  be  through  rock.  It 
has  been  estimated  of  sufficient  size  to  give  a  cross-section  of  10  000 
sq.  ft.  In  addition  to  this  the  diversion  channel  dug  along  the  east 
side  of  the  canal  by  the  old  French  Company  must  be  put  in  order  to 
take  the  discharge  of  the  Gatun  and  the  various  other  local  streams 
which  would  otherwise  enter  the  canal.  An  allowance  of  $2  000  000 
should  be  made  for  these  works,  nearly  all  of  which  will  be  for  the 
Chagres  Diversion. 

Diversion  of  Panama  Railroad. — Both  tide-level  and  high-level 
canals  interfere  with  the  Panama  Railroad,  the  latter  much  more  than 
the  former. 

For  the  canal  described  in  this  paper,  the  location  of  the  Panama 
Railroad  will  have  to  be  changed  for  a  short  distance  near  Tiger  Hill 
and  for  the  entire  distance  between  Bohio  and  Obispo,  while  from 
Obispo  to  Pedro  Miguel  the  railroad  would  be  carried  through  the  cut 
made  for  the  canal.  The  cost  of  these  changes  in  the  Panama  Railroad 
is  estimated  at  $1  300  000. 

The  tide-level  canal  interferes  but  little  with  the  Panama  Railroad; 
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but,  in  order  to  avoid  crossing  the  oanal,  a  new  line  of  railroad  should 
be  constructed  from  San  Pablo  to  Obispo,  about  6  miles,  and  the  rail- 
road should  be  carried  through  the  cut  between  Obispo  and  Pedro 
Miguel;  these  changes  would  probably  not  cost  more  than  $600  000. 


Estimates. 

The  estimates  made  in  this  paper  are  based  on  the  report  of  the 
Isthmian  Canal  Commission,  modified  to  suit  changes  in  plans.  In 
general,  round  figures  have  been  taken,  as  it  seems  unwise  to  confuse 
the  memory  with  a  number  of  small  figures,  which  measure  less  than 
the  margin  of  error.  By  combining  the  figures  already  given  in  detail 
we  have  the  approximate  total  cost  of  the  two  classes  of  canals. 

To  the  figures  so  obtained,  an  addition  has  been  made  of  20%  to- 
cover  the  various  incidental  expenses  and  contingencies.  The  incidental 
expenses  are  understood  to  include  engineering,  policing  and  sanita- 
tion; in  fact,  all  the  expenses  on  the  Isthmus  which  would  not  be  borne 
by  the  contractors.  They  are  not  supposed  to  include  any  expenses 
of  a  home  office  or  of  interest  during  construction.  This  percentage 
is  double  that  usually  applied  in  estimating  the  cost  of  work  in  settled 
countries  where  risks  are  not  unusual. 

Tide-Level  Canal. — The  cost  of  a  canal  on  this  plan  would  be 
approximately  as  given  in  Table  No.  3. 


TABLE  No.  3.— Cost  of  Tide-Level  Canal. 

Chagres  Section,  Colon  to  Obispo p.  21  890  000  00O 

Culebra  Section,  Obispo  to  Pedro  Miguel. . .  p.  34  90  000  000 

Miraflores  Section p.  36  2  500  00O 

Pacific  Maritime  Section p.  35  8  000  000 

Miraflores  Lock p.  86  5  000  000 

Alhajuela  Dam  and  Railroad p.  36  3  000  000 

Diversion  of  Panama  Railroad p.  40  500  000* 

8199  000  00a 
Engineering  and  Contingencies,  20% 39  800  000 

Total 8238  800  000 

Nearly  the  entire  cost  of  this  canal  will  be  for  excavation. 
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Lock  CanaL — The  estimated  cost  of  a  canal  with  looks,  as  described 
in  this  paper,  the  summit  level  varying  from  86  to  90  ft.,  with  three 
locks  on  each  side,  six  in  all,  will  be  as  given  in  Table  No.  4. 

TABLE  No.  4.— Cost  op  Lock  Canal. 

Atlantic  Maritime  Level,   Colon  to 

Tiger  Hill p.  35  811  100  000 

Tiger  Hill  Level p.  34  5  000  000 

Lake  Bohio p.  22  1  000  000 

Cnlebra  Cut. p.  34  43  000  000 

Miraflores  Level p.  34  800  000 

Pacific  Maritime  Level p.  35  8  000  000 


868  900  000 


Bohio  Dam p.  36  82  000  000 

Gigante  Spillway p.  37  1  200  000 

Locks p.  37  29  000000 

Obispo  Gates p.  38  300  000 

Tiger  Hill  and  Miraflores  Spillways,  p.  38  100  000 

Diversion  Channels p.  38  2  000  000 

Diversion  of  Panama  Railroad p.  38  1  300  000 


35  900  000 


8104  800  000 
Engineering  and  Contingencies  20% 20  960  00 


Total 8125  760  000 

The  cost,  therefore,  of  completing  the  Panama  Canal  on  the  lock 
plan  wonld  be  abont  one-half  that  of  completing  it  on  the  tide-level 
plan.  This,  however,  does  not  tell  the  whole  story.  Neglecting  the 
percentages  for  contingencies,  all  but  818  000  000  of  the  8199  000  000 
estimated  for  the  tide-level  canal  is  for  excavation.  Of  the  846  000  000 
estimated  as  the  cost  of  the  Cnlebra  Cnt,  in  the  high-level  canal, 
89  600  000  is  for  retaining  walls  along  the  sides  of  the  cnt;  this 
reduces  the  cost  of  excavation  to  859  000  000,  or  approximately  three- 
fifths  of  the  total  cost  of  the  canal  (percentages  still  being  omitted). 
In  other  words,  although  the  cost  of  the  tide -level  canal  is  only  about 
double  that  of  the  lock  canal,  the  cost  of  excavation  in  the  tide-level  canal 
is  about  three  times  the  cost  of  excavation  in  the  lock  canal.  Excavation 
represents  work  which  must  be  done  entirely  on  the  Isthmus.     Much 
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of  the  oost  of  special  structures  represents  material  which  would  be 
manufactured  elsewhere.  If  it  be  assumed  that  one-half  the  cost  of 
the  special  structures  represents  work  on  the  Isthmus,  it  maybe  said, 
in  a  general  way,  that  four-fifths  of  the  cost  of  the  lock  oanal  and  the 
whole  cost  of  the  tide-level  canal  will  represent  work  on  the  Isthmus. 
As  the  tide-level  canal  will  cost  twice  as  much  as  the  lock  canal,  the 
amounts  to  be  expended  on  the  Isthmus  for  the  two  canals  will  be 
approximately  as  five  is  to  two.  The  number  of  workmen  required  on 
the  Isthmus,  as  well  as  the  time  required  to  complete  the  work,  will 
be  determined  by  these  conditions. 

The  tide-level  canal  will  have  to  be  completed  before  it  can  be 
opened  to  traffic,  the  only  postponement  being  in  a  portion  of  the  cost 
of  the  special  structures,  which  is  insignificent.  The  lock  canal  can 
be  opened  with  the  second  set  of  locks  unfinished,  and  before  the 
channel  in  Colon  Harbor  is  deepened.  This  will  reduce  the  expendi- 
tures required  before  opening  the  canal  to  about  $92  000  000,  without 
the  percentage,  or  to  a  total  of  $110  000  000. 

These  estimates  are  based  on  the  conditions  now  existing  at  the 
Isthmus,  advantage  being  taken  of  the  work  which  has  been  done  there 
by  the  French  and  of  the  Panama  Railroad.  The  work  done  by  the 
New  Panama  Canal  Company  is  practically  all  effective.  Much  of  the 
work  done  by  the  old  company  is  valueless.  The  canal  which  was 
excavated  through  the  low  country  was  taken  out  with  a  bottom  width 
of  22  m.  and  a  depth  of  9  m.,  and  the  material  was  wasted  close  to  the 
banks.  To  construct  a  canal  of  the  increased  dimensions  now  required 
will  involve  rehandling  the  spoil  banks.  Furthermore,  the  plan  pro- 
posed in  this  paper  would  utilize  the  canal  between  Gatun  and  Bohio 
only  as  a  channel  for  the  Chagres,  for  which  purpose  it  is  of  great 
value.  The  value  of  all  this  work,  including  the  railroad,  was 
estimated  by  the  Isthmian  Canal  Commission  at  $40  000  000,  which 
sum  the  New  Panama  Canal  Company  of  France,  and  the  official 
liquidator,  representing  the  shareholders  and  creditors  of  the  defunct 
Universal  Interoceanic  Canal  Company,  have  agreed  to  accept  as  the 
price  for  which  they  will  deliver  everything  they  now  own  on  the 
Isthmus,  together  with  their  records,  maps  and  other  papers.  If  this 
is  added  to  the  foregoing  estimates,  the  cost  of  the  tide-level  canal 
would  be  about  $280  000  000  and  that  of  the  high-level  canal 
$166  000  000,  exclusive  of  interest  during  construction. 
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Conduct  of  Wobk. 

The  first  thing  to  do  is  to  clean  tip  the  Isthmus,  to  provide  sewers 
where  feasible,  and  sanitary  rules  everywhere,  to  furnish  the  entire 
line  with  good  water,  of  which  a  great  abundance  may  be  had  at 
moderate  expense,  and  to  compel  the  employees  on  the  canal  to  drink 
nothing  else.     This  will  take  at  least  a  year. 

The  plans  made  by  the  New  Panama  Canal  Company  were  un- 
usually complete  for  any  preliminary  work  of  this  kind,  but  they  were 
for  a  canal  of  different  dimensions,  with  many  details  which  would  not 
be  acceptable  to  American  builders.  The  plans  and  examinations  of 
the  Isthmian  Canal  Commission  were  made  for  purposes  of  comparison 
and  preliminary  work  rather  than  for  actual  construction.  The  final 
working  designs  remain  to  be  made.  Specifications  must  be  prepared 
and  all  the  necessary  preliminaries  which  precede  the  letting  of  so 
great  a  work  completed.  Both  the  home  and  local  organizations 
must  be  perfected.  Much  of  this  work  can  be  done  simultaneously 
with  the  sanitary  preparations,  and  will  take  as  long.  A  year  spent 
in  preparation,  before  the  contracts  are  let,  will  save  time  in  the  end. 

After  the  contracts  are  awarded,  the  contractors  should  be  allowed 
another  year  to  perfect  their  preparations.  This  is  little  enough  time 
to  provide  for  the  organization  of  their  forces  and  the  purchase  and 
collection  of  their  machinery,  much  of  which  will  have  to  be  made 
after  the  contracts  are  awarded. 

In  two  years  after  the  transfer  of  the  French  property  and  the  be- 
ginning of  American  occupation,  actual  construction  work  should 
fairly  begin.  The  one  greatest  single  piece  of  work  is  the  Culebra 
Cut,  and  the  time  required  to  complete  this  cut  will  be  the  time 
which  it  will  take  to  build  the  canal.  All  other  work  should  be  laid 
out  with  reference  to  this,  so  that,  when  it  is  completed,  there  will 
be  no  unfinished  work  to  delay  the  opening  of  the  canal. 

The  bulk  of  the  laborers  must  be  West  Indian  negroes,  from 
Jamaica  and  perhaps  some  other  islands.  Skilled  labor  must  come 
from  the  North,  and  generally  be  white.  The  methods  of  work  should 
be  so  designed  that  the  number  of  skilled  workmen  shall  be  as  small 
as  possible,  and  that  they  shall  be  protected  from  rain  and  sun  when 
at  work.  It  will  probably  be  expedient  to  use  electric  power  instead 
of  steam  as  far  as  possible.  A  dam  at  the  site  of  the  Alhajuela 
Dam   would  furnish  the  power.     If  electric  shovels  could  be   used 


44  THE   PANAMA   CANAL.  [Papers. 

instead  of  steam  shovels,  but  one  skilled  man,  instead  of  two, 
would  be  required  at  each  shovel,  and  the  heat  from  the  boiler  would 
be  avoided.  The  debilitating  influences  of  the  damp,  warm  climate 
remain,  and  a  system  of  furloughs  must  be  arranged  which  will 
permit  the  white  employees  to  recuperate  in  northern  climates  at 
least  once  a  year. 

The  French  companies  were  private  corporations,  working  with  no 
greater  powers  than  those  derived  from  their  concessions.  All  this 
will  be  changed  when  the  work  becomes  a  Government  undertaking. 
The  powers  of  the  United  States  will  be  those  of  military  occupation, 
under  which  a  sanitary  control  and  discipline  can  be  exercised,  which 
should,  remove  the  greatest  difficulties  which  have  hitherto  beset  the 
Isthmus  of  Panama. 
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Introduction. 


In  1891  the  Missouri  River  Commission,  United  States  War  Depart- 
ment, completed  a  survey  of  the  Upper  Missouri  River,  including 
triangulation,  topography,  hydrography  and  check  levels.  The  records 
of  this  survey  for  the  first  time  made  available  complete  engineering 
information  regarding  the  Upper  Missouri  River.  From  Three  Forks 
to  a  point  below  Canyon  Ferry  the  field  work  was  under  the  direction 
of  Mr.  G.  A.  Marr,  Assistant  Engineer,  and  was  fully  reported  by  the 
Commission  in  1891.*  The  river  was  then  considered  navigable  to 
Three  Forks,  where  the  main  stream  is  formed  by  the  confluence  of 
the  Madison,  Jefferson  and  Gallatin  Rivers.  From  Three  Forks  to 
Canyon  Ferry,  the  present  location  of  the  dam,  the  distance  along  the 
channel  is  about  81  miles.  The  watershed  above  Canyon  Ferry  is 
about  15  000  sq.  miles  in  extent,  comprising  large  parts  of  Madison, 
Beaverhead,  Gallatin,  Jefferson,  Silver  Bow,  Lewis  and  Clarke, 
Meagher,  and  Broadwater  Counties,  of  Montana,  and  the  Yellowstone 

*  Annual  Report  of  the  Missouri  River  Commission,  being  Appendix  AAA  of  the 
Annual  Report  of  the  Chief  of  Engineers,  U.  8.  A.,  for  1891. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers,  with  discussion 
In  full,  will  be  published  in  Transactions. 
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National  Park.  It  is  nearly  all  mountainous  country,  and  embraces 
slopes  of  the  Big  Belt  and  main  range  of  the  Rocky  Mountains,  as  well 
as  a  number  of  smaller  ranges. 

As  the  result  of  action  by  the  Board  of  Trade  of  the  City  of  Helena, 
an  investigation  was  ordered  by  the  United  States  War  Department, 
and  a  report  made  on  May  10th,  1892,  by  Captain  Charles  F.  Powell, 
to  the  Chief  of  Engineers,  United  States  Army,  pointing  out  that  no 
regular  navigation  existed  above  Great  Falls,  Montana,  and  stating 
that  the  construction  of  dams  was  feasible  at  a  number  of  points  on 
the  Missouri  Biver  near  Helena.  An  Act  of  Congress  (approved  July 
13th,  1892)  provided. for  a  more  extensive  examination  of  the  Missouri 
River  from  Three  Forks  to  Canyon  Ferry,  with  a  view  to  determining 
at  what  points  water-powers  could  be  developed  for  manufacturing 
and  other  purposes.  The  examination  thus  authorized  was  made  in 
1893  by  Mr.  Edwin  D.  Vincent,  Assistant  Engineer,  and  the  results  of 
his  investigation  were  reported  by  Captain  H.  F.  Hodges,  on  January 
22d,  1894,  to  the  Chief  of  Engineers,  United  States  Army.  This  report 
contained  much  valuable  information,  and  indicated,  especially ,, 
several  practicable  locations  for  dams.* 

The  Helena  Water  and  Electric  Power  Company  was  organized, 
under  the  laws  of  the  State  of  Montana,  in  May,  1896,  and  work  was 
commenced  on  the  dam  at  Canyon  Ferry  the  following  July,  under  the 
direction  of  Mr.  Hugh  L.  Cooper,  Resident  Engineer,  and  J.  T. 
Fanning,  M.  Am.  Soc.  C.  E.,  Consulting  Engineer.  The  original 
intention  of  the  promoters  of  this  enterprise  was  to  supply  electrical 
power  and  water  for  manufacturing,  private  and  public  purposes,  to 
the  City  of  Helena.  About  the  time  the  work  was  begun,  Mr.  Barton 
Sewell  became  General  Manager,  and  Mr.  C.  W.  Whitley,  Superin- 
tendent. A  timber-crib  dam,  designed  by  Mr.  Fanning,  was 
completed  in  March,  1898,  and  the  construction  of  a  stone  power- 
house to  contain  four  units,  together  with  the  necessary  penstockB, 
gates,  etc. ,  was  well  under  way.  It  was  at  this  time  that  the  property 
came  under  the  direction  of  the  writer  as  chief  engineer.  The  plant 
was  completed  on  the  original  lines,  and  consisted  of  four  generating 
units,  each  comprising  a  two-phase  alternating- current  generator  of 
750  kilowatts,  directly  connected  to  a  pair  of  horizontal  water- wheels. 

*  House  of  Representatives,  Executive  Document  No.  96,  63d  Congress,  Second 
Session,  Letter  from  the  Secretary  of  War,  transmitting  Report  of  the  Examination  of 
the  Missouri  River  from  Three  Forks  to  Canyon  Ferry,  Montana. 
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Water  was  supplied  to  the  wheels  through  two  steel  penstocks,  12  ft.  in 
diameter,  from  a  forebay  excavated  in  the  solid  rock  above  the  dam. 

In  May,  1898,  shortly  after  the  completion  of  the  dam,  and  before 
the  remainder  of  the  plant  was  ready  for  service,  the  dam  was  damaged 
to  some  extent  by  extreme  high  water.  It  was  immediately  repaired 
and  reconstructed  on  somewhat  different  lines,  and  since  then  has 
given  no  trouble.  A  complete  electrical  transmission  system,  oper- 
ating at  12  000  volts,  was  installed,  and  a  pole-line  constructed  to 
Helena  by  way  of  East  Helena,  together  with  several  branch  lines  to 
near-by  points.  The  plant  went  into  regular  service  in  October,  1898, 
supplying,  from  the  first,  three  large  customers:  The  East  Helena 
Smelter  (now  the  property  of  the  American  Smelting  and  Refining 
Company),  the  Peck  Concentrating  Plant  (the  property  of  the  Helena 
and  Livingston  Smelting  and  Reduction  Company),  and  the  Helena 
Electric  Lighting  and  Street  Railway  Company  (now  the  property  of 
the  Helena  Light  and  Traction  Company). 

The  market  for  power  at  Helena  and  vicinity  not  being  sufficient, 
it  was  decided  in  1900  to  enlarge  the  plant,  and  construct  transmis- 
sion lines  to  the  City  of  Butte.  To  accomplish  this  result,  the  com- 
pany was  reorganized  as  the  Missouri  River  Power  Company,  a  New 
Jersey  corporation,  with  the  writer  as  Chief  Engineer  and  General 
Manager.  In  connection  with  the  enlargement  of  the  plant,  it  was 
considered  advisable  to  reconstruct  and  rearrange  the  entire  plant, 
both  in  its  hydraulic  and  electrical  elements.  In  this  paper  a  brief 
description  of  the  various  details  of  the  reconstructed  plant  has  been 
attempted;  and  it  is  thought  that  some  interest  may  attach  to  certain 
of  the  hydraulic  arrangements,  and  perhaps  more  especially  to  the 
electrical  details  of  the  50  000- volt  transmission  system  to  Butte.  It 
should  be  remembered  that  this  plant  was  not  designed  originally 
for  its  present  service,  and  that  in  its  reconstruction  many  arrange- 
ments were  necessary  that  would  have  been  changed  materially  had 
an  entirely  new  plant  been  built. 

The  Generating  Plant. 

The  generating  plant  is  located  at  the  mouth  of  the  Black  Rock 

Canon  of  the  Missouri  River,  near  the  Canyon  Ferry  post-office,  which 

is  17  miles  from  Helena  and  65  miles  from  Butte.     The  works  consist 

of  an  earth  dam,  with  a  masonry  core- wall,  located  on  the  east  side 
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Fig.  1.— Canton  Ferry  Dam  and  Power-House,  Looking  Up-Strkam. 


Fig.  2.— Canton  Ferrt  Dam  and  Power-Hoube. 
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of  the  river,  a  timber-crib  dam,  with  masonry  abutments,  a  masonry 
bulkhead  having  canal  gates,  a  masonry  canal,  and  a  stone  power- 
house. From  the  east  bank  to  the  abutment  the  distance  is  approxi- 
mately 325  ft. ;  between  the  abutments  is  a  clear  spillway  of  472  ft.  9  ins. , 
and  fish-stairs  12  ft.  in  width;  and  from  the  west  abutment  the 
masonry  bulkhead  extends  90  ft.  to  a  nearly  vertical  granite  cliff.  The 
total  distance  from  bank  to  bank  on  the  line  of  the  dam  is  approxi- 
mately 900  ft. 

Fig.  1  is  a  general  plan  of  the  works;  Plate  III  is  a  general  view 
of  the  dam,  power-house  and  canal;  Fig.  2  is  a  section  of  the  timber- 
<crib  dam,  in  its  present  condition,  midway  between  abutments.  The 
foundations  of  the  power-house,  canal  walls  and  west  abutment  are 
on  granite  bed-rock,  but  in  the  middle  of  the  stream  the  bed-rock  is 
found  only  at  exceedingly  great  depth,  the  canon  being  in  the  nature 
of  a  fissure,  or  crack,  in  which  the  river  has  deposited  silt  and  gravel. 
That  part  of  the  dam  between  abutments  is  a  timber  crib,  rock-filled, 
and  the  drawing  shows  clearly  its  design,  both  before  and  after  recon- 
struction. The  dam  forms  a  lake,  or  reservoir,  7  miles  in  length  and 
more  than  6  sq.  miles  in  area.  Fig.  1,  Plate  IV,  is  a  general  view  of 
the  dam  and  power-house,  looking  up  stream  from  the  wagon  bridge, 
which  is  about  800  ft.  below.  Fig.  2,  Plate  IV,  is  a  view  from  the 
east  side  of  the  river,  and  shows  the  power-house  and  the  walls  of 
the  canon. 

The  four  pair  of  water-wheels  received  their  water  originally 
through  two  penstocks,  but  these  were  removed  and  a  massive  stone 
f  orebay,  or  canal,  constructed.  The  dimensions  of  this  canal  are  given 
in  plan,  in  Fig.  1.  Fig.  1,  Plate  V,  is  a  general  view  of  this  canal, 
showing  the  water-wheel  head-gates  and  the  west  side  of  the  power- 
house. Fig.  2,  Plate  V,  shows  the  canal,  racks,  gates  and  gate-lifting 
car.  Fig.  3  is  a  sectional  drawing  through  the  canal  and  power-house, 
and  Plate  VI  is  a  plan  of  the  power-house  and  transformer-room.  Figs. 
5  and  6  are  typical  sections  through  the  wall  of  the  canal.  The  entire 
canal  is  of  heavy,  granite-rubble  masonry,  with  the  exception  of  a  few 
courses  on  the  outside  of  the  wall,  as  shown.  The  canal  is  lined 
throughout,  including  the  bottom,  with  Portland  cement  concrete. 

The  wheel-cases  are  of  ^ -in.  steel,  12  ft.  in  diameter,  having  coni- 
cal bell-openings  14  ft.  in  diameter.  These  cases  are  set  in  the  masonry, 
imbedded  in  concrete. 
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The  main  gates  are  ten  in  number,  15  ft.  4  ins.  in  width  and  17  ft. 
10  ins.  in  height,  of  Oregon  fir,  16  ins.  thick  in  the  center.  The  gates 
slide  in  structural-steel  guides  built  in  the  masonry. 

The  grid-bars  are  3  x  f -in.  steel,  spaced  2}  ins.  from  center  to  center. 
They  are  supported  by  a  structural-steel  frame,  which  also  carries  the 
rails  for  the  gate- operating  car.  The  construction  of  the  gates,  guides, 
seals  and  grid-bars  is  shown  clearly  in  Fig.  2,  Plate  Y,  and  Figs.  3,  4, 
5  and  6.  The  arrangement  for  operating  the  gates  is  shown  in  Figs. 
7,  8,  9  and  10.  This  device  consists  essentially  of  a  car,  with  the  neces- 
sary mechanism,  traveling  on  rails  parallel  to  the  east  wall  of  the 
canal,  in  front  of  the  gates.  The  rails  on  which  the  car  travels  support 
it  only  when  moving  between  gates,  or  when  moving  its  pinions  into 
or  out  of  mesh  with  the  racks  on  the  gate-lifting  bars.  The  car 
receives  its  power,  for  all  its  movements  and  for  operating  the  gates, 
from  a  10- H. -P.  direct-current  motor,  supplied  with  current  from  a 
trolley.  The  various  motions  of  the  car,  and  the  lifting  mechanism,  are 
controlled  by  clutches  operated  by  levers  from  a  centrally  located 
platform  on  the  car.  When  the  pinions  are  in  mesh  and  the  gates  are 
being  operated,  the  entire  thrust  is  carried  directly  to  the  masonry, 
through  12-in.  l-beams  set  in  the  wall,  as  shown  in  Figs.  8  and  9.  The 
various  details  of  the  construction  are  shown  clearly  in  the  drawings 
referred  to. 

The  power-house  building  is  of  granite  masonry,  228  ft.  3  ins.  in 
length  and  50  ft.  in  width.  A  gallery,  18  ft.  in  width,  extends  the  entire 
length  of  the  building  on  the  west  side;  and,  at  the  same  floor  eleva- 
tion as  the  gallery,  located  between  the  main  power-house  and  the  east 
wall  of  the  canal,  is  a  transformer-room  154  ft.  in  length.  The  general 
construction  of  the  power-house  is  shown  in  Fig.  3  and  in  Plate  VL 
The  building  is  entirely  of  masonry  and  steel,  with  the  exception  of  the 
roof  and  main  floor.  The  roof-trusses  are  of  steel,  and  the  roof  is 
covered  on  the  outside  with  corrugated  iron.  The  gallery  floor  is  of 
steel  and  concrete  construction,  and  the  walls  of  the  house  are  in  the 
natural  stone.  All  the  masonry,  including  the  power-house,  canal 
walls,  abutments,  and  core-walls,  is  of  gray  granite,  quarried  and  cut 
on  the  premises.  Portland  cement,  of  both  American  and  European 
brands,  was  used  throughout. 

There  are  ten  pair  of  water-wheels  driving  the  main  generators, 
two  single  wheels  and  one  pair  of  smaller  wheels  driving  the  exciters. 
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Fig.  1.— Canal.  Head  Gates  and  West  Side  of  Canton  Ferry  Power-House. 


Fio.  2.— Gate-lifting  Car. 
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The  wheels  in  the  old  plant  are  of  the  "  New  American  "  type,  and  all 
the  new  wheels  are  of  the  "  McCormick  "  type,  manufactured  by  the 
S.  Morgan  Smith  Company.     Plate  VII  shows  a  section  through  one 
of  the  new  wheel  settings.     These  wheels  have  45-in.  runners,  and 
cylinder  gates  operated  by  draw-rods  throngh  the  front  head.     Out- 
side of  the  case,  attached  to  the  draw-rods,  are  racks  which  mesh  ""• 
with  the  gears  operated  by  the  governors.     The  wheels  first  discharge         •_ 
the  water  into  central  oast-iron  draft-chests,  then  through  elliptical 
draft-tubes  into  the  tail-race.     There  are  two  water-bearings  on  each  ^ 
shaft,  one  at  the  outside  of  the  wheel  nearest  the  canal,  and  the  other          -=m 
inside  the  draft-chest.     A  third  bearing,  of  a  ring-oiling  type,  is  ^ 
located  entirely  outside  the  wheel  case  and  next  to  the  generator 
coupling.     This  bearing  is  also  designed  to  take  the  thrust  in  a  direc-  [_ 
tion  parallel  to  the  shaft,  and  for  that  purpose  has  on  the  shaft  two  | 
solid  projecting  rings,  which  fit  into  grooves  in  the  surface  of  the  1 
bearing.     Fig.  1,  Plate  VIII,  shows  the  front  head  of  No.  10  water- 
wheel,  together  with  the  governor  and  the  generator.     It  also  shows 
two  of  the  exciters,  one  coupled  to  a  pair  of  24- in.  McCormick  water- 
wheels,  and  the  other  to  an  induotion  motor. 

The  governors  in  operation  are  of  the  "Lombard  "  type,  and  this  s 

apparatus  is  too  well  known  to  require  description  other  than  that  the  ■ 

connections  between  the  governors  and  the  water-wheel  gate  mechan- 
ism are  made  through  cut  bevel  and  spur  gearing. 

The  generators  have  revolving  armatures,  and  are  designed  to 
deliver  alternating  current  at  three-phase,  60  cycles  and  550  volts. 
The  speed  is  157  revolutions  per  minute.  Each  machine  has  a  rated 
capacity,  in  electrical  output,  of  750  kilowatts  at  80%  power-factor. 
The  four  generators  installed  originally  were  two-phase,  but  they  have- 
been  rebuilt  and  converted  into  three-phase  machines.  Fig.  11  is  a  gen- 
eral drawing  of  one  of  the  new  machines.  The  generators  are  excited 
separately  by  four  150- volt  exciters,  three  of  which  are  driven  directly 
by  water-wheels,  and  one  by  an  induction  motor,  as  previously  stated. 
The  connections  between  the  generators  and  exciters  and  their  water- 
wheels  are  made  by  means  of  flexible  couplings,  consisting  of  cast- 
iron  discs  united  through  rawhide  drag-links.  The  generators  and 
exciters  are  all  of  standard  types,  manufactured  by  the  Westinghouse 
Electric  and  Manufacturing  Company.  A  general  view  of  the  interior 
of  the  station  is  shown  in  Fig.  2,  Plate  VIII,  which  also  gives  a  good 
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idea  of  the  mechanical  design  of  the  generators  and  the  arrangements 
in  the  station. 

The  switchboards,  of  blue  Vermont  marble,  are  located  on  the  gal- 
lery floor  in  the  center  of  the  station.  There  are  seventeen  panels  in 
the  main  board,  four  in  the  exciter-beared,  and  four  in  the  12  000-volt 
plug-board.  Fig.  12  is  a  general  drawing  of  the  main  switchboard, 
and  Fig.  1,  Plate  IX,  is  a  general  view  of  the  same  board,  as  installed. 
The  main  board  consists  of  ten  generator  panels,  four  feeder  panels 
for  the  12  000-volt  service,  two  feeder  panels  for  the  50  000-volt  service, 
and  one  main  junction  panel  in  the  middle  of  the  board.  There  are 
three  sets  of  main  bus-bars,  extending  the  entire  length  of  the  board, 
capable  of  being  separated  electrically  in  the  middle  by  means  of 
switches  on  the  junction  panel.  In  the  arrangement  of  the  board, 
starting  at  one  end,  are  five  generator  panels,  two  feeder  panels  for 
the  12  000-volt  service,  one  feeder  panel  for  the  50  000-volt  service, 
and  the  junction  panel.  On  the  other  side  of  the  junction  panel  the 
same  number  of  feeder  and  generator  panels  is  arranged  in  reverse 
order,  so  that  all  the  feeder  panels  are  grouped  together  in  the  center 
of  the  board,  with  the  generator  panels  at  the  ends.  By  opening  the 
switches  on  the  junction  panel,  the  board  is  divided  electrically  into 
two  independent  sections,  either  of  which  may  be  shut  down  for 
repairs  while  the  other  is  in  service.  Each  generator  panel  is  pro- 
vided with  circuit-breakers,  a  polyphase  wattmeter,  an  ammeter,  and 
three  sets  of  lever  switches.  Each  feeder  panel  is  provided  with  cir- 
cuit-breakers, three  ammeters,  and  three  sets  of  lever  switches.  The 
junction  panel  has  three  sets  of  lever  switches,  and  six  polyphase 
wattmeters,  one  for  each  main  circuit.  The  generator  field  switches 
and  the  integrating  wattmeters  for  the  feeders  are  mounted  on  small 
marble  slabs,  secured  to  the  girder  supporting  the  traveling  crane, 
and  are  directly  in  front  of  the  main  board.  The  rheostats  are 
mounted  under  the  gallery  floor,  and  are  controlled  by  hand- wheels 
on  pedestals,  which  are  in  front  of  their  respective  generator  panels. 
Fig.  13  is  a  drawing  of  the  exciter  board,  which  is  of  the  same  gen- 
eral appearance  as  the  main  board.  It  has  two  separate  sets  of  bus- 
bars, and  each  panel  has  circuit-breakers,  a  voltmeter,  an  ammeter, 
and  two  sets  of  lever  switches. 

There  are  twelve  transformers,  of  330  kilowatts  each,  for  the  12  000- 
volt  service.    These  transformers  are  oil-insulated,  air-cooled,  and  are 


58 


HIGH-VOLTAGE   POWER  TRANSMISSION. 


[Papers. 


Papers.]  HIGH-YOLTAGE  POWER  TRANSMISSION. 


59 


q  B  and  C 

l_lT30-volt.  lOOO-amp.  circuit-breaker 


,1       L  730-volU  200O*mp, 
t *  circuit-breaker 


60  HIGH-VOLTAGE  POWER  TRANSMISSION.  [Papers. 

arranged  in  four  groups  for  three-phase  delta  connection.  They  are 
placed  on  the  gallery  floor,  six  transformers  at  each  end  of  the  switch- 
board. For  the  50  000-volt  service,  there  are  six  transformers  of  950 
kilowatts  each.  These  transformers  are  oil -insulated,  water-cooled, 
are  arranged  in  two  groups  for  delta  connection,  and  are  placed  in  the 
transformer-room  between  the  wall  of  the  power-house  and  the  east 
wall  of  the  canal.  The  50  000-volt  transformers  are  in  heavy,  boiler- 
iron  tanks  filled  with  a  petroleum  oil,  and  are  cooled  by  means  of 
brass  pipes,  immersed  in  the  oil,  through  which  circulates  water  from 
the  canal.  As  the  cooling  coils  are  at  an  elevation  which  at  times  is 
above  the  water  in  the  canal,  the  piping  is  arranged,  by  means  of 
by-pass  valves,  so  that  the  system  can  be  filled  and  the  water  siphoned 
through  the  coils,  discharging  through  draft-tubes  extending  below 
the  level  of  the  tail-race.  A  good  head  is  secured  by  this  arrange- 
ment, and  the  circulation  of  the  cooling  water  is  excellent.  Gauges 
for  measuring  the  flow  of  the  cooling  water,  and  thermometers  for 
measuring  the  temperature  of  the  oil  and  water,  are  on  the  trans- 
formers. Fig.  1,  Plate  X,  is  an  end  view  of  the  50  000-volt  transformer- 
room,  showing  the  transformers  in  position. 

For  the  protection  of  the  12  000-volt  service  from  lightning,  stand- 
ard type,  "  R,"  Wurts,  lightning  arresters  are  used.  These  consist  of 
choke-coils  and  gaps,  arranged  so  as  to  afford  a  multiple  path  to  ground. 
As  this  apparatus  is  very  well  known,  no  detailed  description  need  be 
given.  For  the  protection  of  the  50  000-volt  service  from  lightning, 
new  apparatus  has  been  designed.  This  consists  essentially  of  two 
parts,  the  static  interrupters  and  the  lightning  arresters  proper.  The 
statio  interrupters,  so-called,  consist  of  choke-coils  and  electrical  con- 
densers of  small  capacity.  These  coils  and  the  condensers,  immersed 
in  a  tank  containing  oil,  constitute  the  static  interrupters.  Each 
lightning  arrester  contains  114  units  of  six  gaps,  about  -^  in.  in  width, 
and  one  large  adjustable  gap  next  to  the  line.  The  units  are  mounted 
on  the  face  of  marble  panels,  and  around  part  of  the  units  is  shunted 
a  resistance;  and,  in  series  with  all  the  gaps,  between  line  and  ground, 
is  a  resistance.  The  connections  of  the  static  interrupters  and  light- 
ning arresters  are  given  diagramatically  in  Fig.  14  It  will  be  seen 
that  the  choke-coils  of  the  interrupter  are  connected  in  series  with 
the  transformer  windings  to  be  protected,  and  that  the  condenser  is 
connected  between  the  transformer  terminal  and  the  ground.     The 
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to  their  respective  panels  on  the  switchboard.  At  the  switchboard 
two  of  the  legs  of  each  generator  circuit  pass  through  circuit-breakers, 
and  all  three  of  the  legs  are  connected  with  three  sets  of  single-pole 
knife-switches.  Each  set  of  knife-switches,  upon  being  closed,  con- 
nects the  three  legs  of  each  generator  circuit  with  a  set  of  bus-bars 
at  the  back  of  the  switchboard.  There  are  three  sets  of  such  bus- 
bars, and  any  generator  may  be  connected  with  any  one  or  all.  After 
passing  to  the  bus-bars  the  current  is  first  conducted  through  the 
switches  and  the  circuit-breakers  on  the  feeder  panels,  then  to  the 
transformers.  Especial  attention  is  directed  to  the  arrangement  of 
the  switches,  circuit-breakers,  and  instruments,  in  this  part  of  the 
wiring. 

The  current  from  the  12  000-volt  transformers  passes  to  the  four- 
circuit  plug-board,  which  is  arranged  so  that  any  one  of  the  four 
circuits  may  be  connected  wijfch  any  one  set  of  transformers,  or  any 
number  of  sets  of  transformers  may  be  joined  to  any  of  the  lines,  either 
singly  or  in  multiple.  After  leaving  the  plug-board  the  12  000-volt 
current  passes  through  lightning  arresters  and  then  to  the  circuits  ex- 
tending to  Helena  and  adjacent  points. 

From  the  six  50  000 -volt  transformers  the  current  passes  through 
static  interrupters  and  high-tension  switches,  and  is  then  united  by  a 
delta  connection,  after  which  it  passes  through  a  set  of  high- tension  line  - 
switches  to  the  circuits  extending  to  Butte.  The  lightning  arresters, 
proper,  are  connected  with  each  leg  of  these  circuits  just  before 
leaving  the  building.  Between  the  two  50  000-volt  circuits  are  high- 
tension  switches,  arranged  so  that  both  sets  of  transformers  may  be 
operated  together,  either  on  one  or  both  lines;  or  both  lines  may  be 
operated  from  one  set  of  transformers.  The  arrangement  of  switches, 
also,  is  such  that  any  transformer  may  be  put  into  or  out  of  service  at 
any  time,  without  interfering  with  the  operation  of  the  plant.  All  the 
50  000-volt  main  wiring  is  of  1  000  000  or  800  000-circular  mil  cable, 
insulated  with  rubber,  and  protected  with  a  lead  sheath.  The  12  000-volt 
wiring  is  No.  4,  solid  copper,  insulated  with  -^g-ivk.  pure  para  rubber* 
covered  with  double  cotton  braiding,  and  is  supported  on  porcelain 
line-insulators.  The  50  000-volt  wiring  is  of  No.  4  copper,  having  an 
insulation  of  -fa-m.  pure  para  rubber,  protected  with  double  cotton 
braiding,  and  is  supported  on  the  regular,  glass,  line-insulators  and 
pins. 
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Fig.  1.— Generator,  Wheel-Case  and  Governor. 


Fio.  2.— Interior  of  Canyon  Ferry  Power-House. 
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The  Transmission  Lines. 

There  are  three  main  pole-lines  from  the  generating  station:  One 
carrying  four  power-circuits,  each  consisting  of  three  No.  4,  solid  copper 
wires,  and  also  a  telephone  circuit  of  two  No.  10,  copper  wires.  This 
line  extends  to  the  East  Helena  sub-station,  where  all  the  circuits  pass 
through  a  four-panel  plug-board,  and  lightning  arresters  of  construc- 
tion and  arrangement  similar  to  those  on  the  same  circuits  at  Canyon 
Ferry.  Three  circuits  leave  this  sub-station,  and,  by  means  of  the 
plug-board,  any  one  or  more  of  the  four  incoming  circuits  may  be  con- 
nected either  with  the  sub-station  lowering  transformers,  or  with  the 
three  outgoing  circuits,  in  any  desired  combination.  After  leaving 
the  sub-station,  the  three  circuits  continue  for  about  a  mile  on  the 
same  pole-line,  and  then  branch — one  circuit  extending  a  distance  of  5 
miles  to  the  Big  Indian  Mine,  and  the  other  extending  5  miles  to  the 
sub-station  in  Helena.  The  general  design  of  the  pole  top,  as  ar- 
ranged for  the  four  12  000-volt  circuits  leaving  the  generating  station, 
is  shown  in  Fig.  16. 

The  poles  on  the  12  000-volt  lines  are  of  Idaho  cedar,  the  cross- 
arms  of  Oregon  fir,  the  braces  of  angle  iron,  and  the  insulators  of 
porcelain.  The  poles  have  from  9  to  12-in.  tops,  vary  in  length  from 
35  to  60  ft.,  when  necessary  to  maintain  the  desired  grade,  are  spaced 
at  an  average  distance  of  110  ft. ,  and  are  set  from  6  to  8  ft.  in  the 
ground.  The  main  wires  are  not  transposed,  but  the  telephone  wires 
are  reversed  in  position  at  every  third  pole.  The  construction  is 
heavy  and  rigid  throughout,  and  has  proved  very  satisfactory,  as 
shown  by  the  four  years  of  unbroken  service,  almost  without  any  ex- 
pense for  repairs. 

The  high  voltage  used  on  tho  Butte  lines  made  necessary  a  special 
and  somewhat  novel  construction.  Each  of  the  two  pole-lines,  from  the 
Canyon  Ferry  generating  plant  to  the  Butte  sub-station,  carries  three 
bare  copper  cables,  arranged  in  a  triangular  position,  78  ins.  apart. 
Each  cable  has  an  area  of  106  000  circular  mils,  and  is  composed  of 
seven  strands.  Fig.  17  shows  the  pole  top,  and  Fig.  18  the  insulator, 
sleeve  and  pin.  Fig.  2,  Plate  IX,  is  a  view  of  the  pole-line  taken 
about  one  mile  from  Canyon  Ferry,  and  Fig.  2,  Plate  X,  shows  a 
50  000-volt  insulator  and  sleeve  assembled  on  a  pin. 

The  poles  on  the  50  000-volt  lines  are  of  Idaho  cedar,  the  cross- 
arms  of  Oregon  fir,  the  braces  and  pins  of  white  oak,  and  the  insu- 
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la  tor  s  and  sleeves  of  glass.  The  cross-arms,  braces  and  pins  are  bolted 
together,  the  construction  being  very  rigid.  The  pins  in  the  top  of 
the  poles  are  of  larger  size  and  of  greater  length  than  those  in  the 
cross-arms,  on  account  of  the  greater  strains  there  present.  The  pin* 
were  prepared  especially  by  being  first  dried  and  then  boiled  in  par- 
affin until  every  vestige  of  moisture  was  removed.  Wood  prepared  in 
this  way  will  stand  very  great  electrical  strains,  and  the  pins  were 
tested  frequently  to  60  000  volts,  without  sign  of  failing. 

The  insulation  of  the  circuits  depends  on  the  insulators,  sleeves 
and  pins,  combined;  the  cross-arms  and  poles  are  not  considered  to 
have  any  part.  The  glass  sleeves  are  not  connected  in  any  way  with 
the  insulators,  and  merely  rest  on  a  shoulder  of  the  pins,  as  shown  in 
Fig.  18.  The  object  of  the  sleeves  is  to  prevent  the  surface  of  the 
pins  from  becoming  wet  in  a  driving  rain,  thus  carrying  the  ground 
potential  above  the  level  of  the  cross-arms.  This  function  they  per- 
form admirably,  but  if  the  pins  were  not  especially  treated,  so  as  to 
possess  high  insulating  qualities,  the  sleeves  would  be  useless.  With 
metal  pins,  or  even  ordinary  wooden  pins,  which  for  such  high 
potentials  are  practically  conductors,  the  absolute  insulation,  the 
air  path  to  ground,  and  the  electro-static  capacity,  are  affected  to  such 
an  extent  that  the  efficiency  of  the  combination,  as  a  line-insulating 
device,  is  reduced  materially.  Each  of  the  main  circuits  is  trans- 
posed five  times,  making  two  complete  turns  between  the  power-sta- 
tion and  the  Butte  sub-station.  The  telephone  circuit,  as  shown  in 
Fig.  17,  is  on  one  pale-line,  only,  and  is  composed  of  two  No.  10,  copper 
wires  on  double-petticoat  pony-glass  insulators.  This  circuit  is  trans- 
posed every  fifteen  poles.  The  switching  arrangements  at  Canyon 
Ferry  and  at  Butte  are  such  that  the  power  circuits  can  be  operated 
either  singly  or  in  multiple.  The  two  Butte  lines  are  parallel,  and 
are  50  ft.  apart,  where  the  nature  of  the  ground  will  permit.  The 
poles  are  from  35  to  75  ft.  in  length,  the  tops  being  from  8  to  12  ins. 
in  diameter,  and  the  butts  from  12  to  24  ins.  in  diameter,  ac- 
cording to  the  length.  They  are  set  from  6  to  8  ft.  in  the 
ground,  and  the  standard  spacing  is  110  ft.,  with  a  maximum 
spacing  of  150  ft.,  when  required  by  the  nature  of  the  ground.  The 
angle  turned  on  any  one  pole  does  not  exceed  20°,  except  by  special 
construction.  A  survey  of  the  entire  route  was  made,  including  levels 
at  each  pole;  a  ground  profile  was  prepared,  and  the  grade  line  for  the 
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top  of  the  poles  drawn  in.  For  the  greater  part  of  the  distance,  a  right- 
of-way,  200  ft.  in  width,  was  obtained  by  purchase  or  condemnation, 
but,  at  a  few  points,  and  in  passing  through  towns,  it  was  necessary 
to  follow  the  public  highways,  and  in  some  of  the  narrow  canons, 
where  there  were  already  two  railroads,  it  became  necessary  to  follow 
in  part  the  railroad  rights-of-way.  All  the  timber  and  brush  within 
50  ft.  of  the  poles  on  either  side  was  cut,  and  all  high  timber  at  a 
greater  distance,  which  in  falling  could  possibly  injure  the  line.  The 
contours  on  the  map,  Fig.  19,  give  an  excellent  idea  of  the  nature  of 
the  country  through  which  the  lines  are  constructed.  Starting  from 
Canyon  Ferry  at  an  elevation  of  3  650  ft.  above  mean  sea  level,  the 
Butte  lines  pass  over  three  distinct  summits  and  reach  a  maximum 
elevation  of  7  300  ft.  Much  of  the  country  is  very  rough  and  wild, 
and  the  section  between  Boulder  and  Woodville  is  practically  without 
inhabitants.  Through  this  section  it  was  necessary  to  build  wagon 
roads,  in  order  to  handle  the  material,  and  much  of  the  right-of-way 
was  cleared  through  heavy  timber.  In  certain  sections  the  grades 
average  500  ft.  to  the  mile,  and  the  transportation  of  the  material  was 
one  of  the  serious  problems. 

The  Sub- Stations  and  Secondary  Distribution. 

There  are  three  sub-stations  connected  with  the  system,  and  at  a 
few  other  points  power  is  delivered  directly  from  the  12  000- volt 
circuits. 

The  East  Helena  sub-station  is  operated  at  12  000  volts.  It 
contains  oil-insulated  and  air-cooled  transformers,  also  lightning 
arresters  and  plug-boards  similar  to  those  installed  at  the  power- 
station,  and  already  described.  Practically  the  entire  capacity  of  this 
sub-station  is  utilized  by  the  East  Helena  Smelter  for  a  great  variety 
of  purposes,  all  the  power  at  the  works  being  derived  from  this 
source. 

The  Helena  sub-station  is  also  on  the  12  000-volt  circuits.  It 
contains  high-tension  apparatus  similar  to  that  at  East  Helena  and  at 
the  power-station.  From  this  point  is  supplied  all  the  incandescent 
and  arc  lighting,  and  the  street  railway  and  other  electrical  power  for 
the  City  of  Helena.  As  the  apparatus  here  installed  has  already  been 
described,  and  as  this  sub-station,  as  well  as  that  at  East  Helena, 
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represents  only  standard  practice,  no  further  detailed  description  is 
attempted. 

The  largest  of  the  sub-stations  is  at  Bntte,  having  a  transformer 
capacity  of  about  8  000  H.-P.  The  building  is  of  steel  and  iron,  with 
a  brick  floor  and  concrete  foundations.  The  roof  is  lined  with  asbestos 
paper,  held  in  position  by  wire  netting.  Fig.  20  is  a  plan  of  the 
building,  showing  the  location  of  the  principal  apparatus.  Fig.  1, 
Plate  XI,  is  an  exterior  view  of  the  transformer  building,  showing  the 
method  of  entering  the  50  000-volt  lines.  Fig.  2,  Plate  XI,  is  an 
interior  view,  showing  the  transformers,  static  interrupters,  high- 
tension  switches  and  wiring.  Fig.  21  is  a  diagram  of  the  wiring  and 
connections  of  the  apparatus.  The  50  000-volt  wiring  is  supported  on 
glass  line-insulators,  and  is  of  No.  4,  solid  copper,  rubber-insulated  wire, 
the  same  as  that  used  in  the  generating  station.  The  2  200- volt  secondary 
wiring  from  the  transformers  to  the  switchboard  is  of  800  000-circular 
mil  cable,  rubber-insulated,  lead-covered,  and  laid  in  conduits  under 
the  floor.  The  50  000-volt  lightning  arresters  are  duplicates  of  those 
in  the  generating  stations,  and  are  connected  with  each  conductor 
immediately  upon  entering  the  building.  After  passing  the  lightning 
arresters,  the  main  circuits  pass  through  high-tension,  fused  circuit- 
breakers,  then  divide  into  a  delta  connection,  inside  of  which  is  a  pair 
of  high-tension,  fused  circuit-breakers  for  each  transformer,  and  also 
the  static  interrupters.  Between  the  high-tension,  line  circuit- 
breakers  and  the  branch  of  the  delta  connection,  there  are  tapped, 
from  each  leg  of  the  circuits,  connections,  through  high-tension 
circuit-breakers,  arranged  so  that  the  lines  may  be  connected  in  multi- 
ple.    All  these  connections  are  shown  in  the  diagram. 

There  are  six  lowering  transformers,  of  950  kilowatts  each,  which 
are  exact  duplicates  of  those  installed  in  the  generating  station,  except 
that  the  coils  of  the  low-tension  side  are  connected  in  series,  so  as  to 
give  the  electrical  pressure  of  2  200  volts  instead  of  550  volts.  The 
six  transformers  are  arranged  in  two  groups,  and  on  the  2  200-volt 
side  are  placed  knife-switches  and  circuit-breakers,  connected  in  the 
single-phase  circuits  inside  of  the  delta  connections.  The  three-phase 
connections  are  made  at  the  main  transformer  panels  of  the  2  200-volt 
switchboard.  There  are  two  transformer  panels,  one  for  each  group 
of  transformers,  and  four  main  distributing  panels.  On  each  trans- 
former panel  is  mounted  a  three-pole  circuit-breaker,  three  ammeters, 
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large  motors,  of  200,  300,  600  and  800-H.-P.  sizes,  mostly  of  the  induc- 
tion type.  Fig.  1,  Plate  XII,  shows  one  of  three  induction  motors  of 
300  H.-P.  operating  at  the  Colorado  Smelter.  Fig.  2,  Plate  XII,  shows 
an  800-H.-P.  induction  motor  of  175  revolutions  per  minute,  used  in 
driving  an  air  compressor  at  the  Anaconda  Mines.  This  last-men  - 
tioned  motor  is  believed  to  be  the  largest  induction  motor  of  such 
slow  speed  ever  installed. 

The  Operation  op  the  Plant. 

In  the  operation  of  a  transmission  plant  and  system  like  that  of  the 
Missouri  River  Power  Company,  starting  with  a  given  plant  and  water 
supply,  the  desired  result  is  the  delivery,  at  distant  points,  of  the 
greatest  amount  of  electrical  energy,  in  the  most  salable  and  satisfac- 
tory form,  at  the  lowest  possible  cost. 

For  the  generation  of  the  power,  a  certain  river  flowage  is  available, 
varying  with  the  seasons  and  the  years.  There  is  also  available  a 
large  pond  or  reservoir  which  may  be  drawn  upon  to  supply  water  in 
excess  of  the  river  flowage  for  short  periods  of  time.  The  first  im- 
portant consideration  is  the  nature  of  the  load,  whether  variable  or 
steady,  and  whether  extending  over  a  few  hours  or  the  entire  day.  The 
most  convenient  way  of  expressing  this  condition  is  by  reference  to  the 
load  factor,  i.  e.,  the  ratio  of  the  average  to  the  maximum  load,  ex- 
pressed as  a  percentage,  for  the  period  of  time  over  which  the  factor 
is  determined.  Integrating  wattmeters  furnish  a  ready  means  for 
determining  with  accuracy  the  average  electrical  power,  and  the  maxi- 
mum power  can  always  be  measured  by  various  indicating  or  recording 
instruments.  The  load  factors  of  several  circuits  supplying  power  for 
a  variety  of  industrial  purposes  will  usually  differ  widely,  and  the  best 
result,  as  far  as  station  loading  is  concerned,  will  be  obtained  by  unit- 
ing all  on  one  set  of  bus-bars,  and  operating  the  entire  station  as  a 
unit.  Sometimes  this  is  impossible  on  account  of  different  electrical 
pressures  being  demanded,  or  on  account  of  certain  circuits  requiring 
greater  refinement  in  regulation  than  others.  The  conditions  at 
Canyon  Ferry  have  been  adjusted  so  that  it  is  possible  to  operate  all 
circuits  together,  so  that  the  generating  machinery  is  working  at  one 
load  factor,  or  about  90%  for  the  24  hours ;  the  load  factors  of  the 
several  circuits  varying  meanwhile  among  themselves  from  96%  on 
some  to  10%  on  others.     It  is  evident  that  the  higher  the  load  factor, 
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the  smaller  the  machinery  capacity  required  in  service  to  carry  a  given 
average  load;  and  it  also  follows,  in  general,  that  the  efficiency  is 
greater  because  the  machinery  can  be  operated  more  nearly  at  its  full 
load. 

The  load  factor  also  has  an  important  bearing  upon  the  speed  regu- 
lation of  the  water-wheels,  and  upon  the  electrical  regulation  of  the 
system.  Commercial  considerations  frequently  require  the  acceptance 
from  a  customer  of  a  power  load  of  load  factor,  but  it  is  the  best  prac- 
tice to  regulate  the  design  so  that  such  loads  can  be  combined  with 
others,  resulting  in  an  average  condition  more  favorable  to  economical 
operation.  It  is  the  practice  of  the  Missouri  River  Power  Company 
to  operate  the  entire  station  as  a  unit,  connected  in  multiple,  but  the 
design  is  such  that  circuits  can  be  operated  separately  under  special 
conditions,  or  in  emergencies  of  any  kind.  The  station  load  factor 
being  determined,  the  amount  of  average  power  which  can  be  generated 
will  depend  upon  the  flow  of  the  river,  provided  there  is  a  pond  or 
reservoir  affording  water  storage  sufficient  to  permit  the  carrying  of 
the  peak  loads,  without  seriously  affecting  the  head.  This  is  a  most 
important  matter,  as  it  permits  the  plant  to  carry  an  average  load  fully 
up  to  the  flowage  of  the  river,  while,  without  such  a  reservoir,  the 
power  generated  could  not  exceed  the  maximum  at  the  station,  which 
would  be  materially  less  than  the  average.  At  Canyon  Ferry  the  pond 
is  ample  for  this  purpose. 

Next  in  importance  to  the  form  and  amount  of  loading  on  the 
station  is  the  question  of  speed  regulation.  For  many  years  close 
speed  regulation  was  thought  impossible  for  water-wheels  driving 
machinery  subject  to  suddenly  varying  loads;  but  the  difficulties  have 
been  overcome,  and  it  has  been  found  that  very  satisfactory  results 
can  be  obtained  by  correct  designing,  and  the  use  of  proper  governors 
to  actuate  the  water-wheel  gates.  The  first  consideration  is  to  have 
such  hydraulic  design  that  the  water  can  pass  freely  to  the  wheels, 
and  to  avoid  those  arrangements  which  require  a  considerable  change 
in  the  velocity  of  the  water,  with  varying  gate  on  the  wheels;  such, 
for  example,  as  long  penstocks  having  little  hydraulic  grade.  If  the 
design  in  this  particular  is  bad  the  regulation  will  suffer,  regardless  of 
the  excellence  of  the  governor,  as  a  time  element  will  be  introduced  in 
which  the  water  column  will  be  accelerated  or  retarded,  and  during 
which  the  water-wheels  cannot  fully  respond  to  the  gate  opening,  on 
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account  of  the  varying  effective  head.  One  of  the  principal  reasons 
leading  to  the  removal  of  the  old  penstocks  and  the  construction  of 
the  open  canal  at  Canyon  Ferry  was  to  obtain  better  design  in  this 
particular,  resulting  in  better  speed  regulation  for  the  plant.  The 
nearer  the  design  approaches  to  an  absolutely  open  setting,  with  the 
head  entirely  above  the  wheels,  the  better  the  regulation.  From  an 
inspection  of  the  drawings  it  will  be  seen  that  the  water  passages 
from  the  canal  to  the  wheels  are  very  direct,  and  that  the  design 
approaches  closely  to  the  most  desirable  conditions.  Next  in  import- 
ance, after  proper  hydraulic  design,  is  a  good  governor,  having  ample 
power,  and  proper  arrangements  for  relaying  and  returning  the  speed 
to  normal  at  all  points  of  the  gates.  It  is  also  essential  that  the 
governors  have  a  distinct  speed  characteristic,  in  order  that  the  various 
wheels  driving  generators  connected  electrically  in  multiple  may 
divide  the  load  properly  at  all  points  of  gate.  If  the  governors  do  not 
have  such  a  speed  characteristic,  the  conditions  will  be  unstable,  and 
the  wheels  will  shift  the  load  between  themselves,  some  taking  more 
than  others.  The  governor  used  in  this  plant  is  well  known,  and 
possesses  the  requirements  mentioned.  Besides  a  good  governor,  it  is 
necessary  to  have  a  water-wheel  with  gates  designed  for  easy  control 
by  the  governor  mechanism.  Builders  of  water-wheels  have  given  this 
subject  considerable  study,  and  great  improvements  in  design  have 
been  made  in  this  particular.  The  essential  requirements  are  that  the 
gates  move  easily  at  all  points,  and  possess  little  inertia.  The  cylinder 
and  wicket  types  of  gate  alone  seem  to  meet  these  requirements  for 
turbine  wheels  without  seriously  sacrificing  efficiency.  The  new 
wheels  at  Canyon  Ferry  have  cylinder  gates,  and  the  speed  regulation 
does  not  exceed  3%  under  severe  changes  of  load,  and  2%  under  ordi- 
nary working  conditions. 

Of  the  operating  electrical  features,  that  of  most  general  interest 
is  the  high  voltage  on  the  Butte  transmission  circuits.  The  electrical 
pressure  is  maintained  regularly  at  50  000  volts  and  more.  This  is  a 
pressure  higher  than  that  used  in  regular  commercial  service  elsewhere 
at  the  present  time,  within  the  knowledge  of  the  writer.  For  many 
months  a  regular  commercial  service  has  been  maintained  at  this 
pressure,  and  the  results  have  been  very  satisfactory.  Lightning, 
wind,  rain  and  snow  have  not  interfered  with  the  regularity  of  the 
service.     The  electrical  losses  due  to  the    pressure  are  trifling  in 


76  HIGH-VOLTAGE   POWER  TRAN8MI88ION.  [Papers. 

amount  and  far  less  than  the  gain  in  other  respects  from  the  same 
cause.  The  behavior  of  these  circuits  does  not  differ  greatly  from 
similar  circuits  at  lower  voltages,  and  there  are  no  luminous  effects, 
or  discharges,  on  the  lines,  under  normal  working  conditions.  A  very- 
satisfactory  telephone  service  is  maintained  on  one  of  the  high-tension 
pole-lines. 

The  two  transmission  lines  to  Butte  are  generally  worked  in 
multiple,  but  each  line  has  ample  capacity  for  carrying  the  entire 
load,  when  necessary.  In  the  operation  of  the  plant  it  is  customary 
to  energize  the  lines  separately  from  the  station,  and  to  synchronize 
.and  tie  the  lines  together  at  the  Butte  sub-station.  The  overload 
switches  and  other  special  devices,  already  described,  provide  ready 
means  for  disconnecting  any  line  or  feeder,  and  any  single  unit  or 
group  of  units  of  apparatus,  either  at  the  power-station  or  at  the  sub- 
station, can  be  put  into  service  or  instantly  removed  therefrom  with- 
out affecting  the  service,  or  without  the  knowledge  of  the  customers 
that  anything  has  taken  place. 

The  regulation  of  the  electrical  pressure  is  one  of  the  most  import- 
ant factors  in  the  successful  operation  of  a  transmission  system.  The 
maintenance  of  practically  constant  speed  is,  of  course,  a  requisite. 
The  generators  should  have  good  inherent  electrical  regulation,  not 
only  for  changing  load,  but  more  especially  for  varying  power  factor. 
The  electrical  regulation  of  the  transformers  is  of  importance,  but 
more  especially  is  that  of  the  transmission  lines  and  feeders.  The 
inductance,  capacity  and  resistance  of  the  transmission  circuits  can 
be  controlled  in  design  to  a  certain  extent,  and,  if  the  nature  and 
amount  of  loading  are  known  in  advance,  the  line  regulation  can  be 
predetermined  with  accuracy.  The  nature  of  the  load,  especially  as 
to  its  power  factor,  has  a  most  essential  bearing  on  the  regulation. 
By  uniting  the  various  loads  and  working  the  entire  system  as  a  unit, 
there  is  obtained,  under  ordinary  conditions  at  Canyon  Ferry,  a 
station  power  factor  of  about  90  per  cent.  The  regulation  at  the 
Butte  sub-station  is  within  h%  of  normal,  under  regular  service  con- 
ditions. The  problems  of  electrical  design  and  operation  involved  in 
this  subject  are  complex,  and  are  not  within  the  scope  of  this  paper, 
hence  are  not  here  treated  mathematically  or  in  detail. 

At  the  generating  station,  the  usual  operations  of  starting,  stop- 
ping, switching,  paralleling  and  synchronizing  are  those  common  to 
all  large  power  plants,  and  do  not  merit  special  description. 
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Mr.  Hering.  Rudolph  Hering,  M.  Am.  Soc.  C.  E.  — The  subject  herewith  pre- 
sented for  discussion  does  not  include  the  disposal  of  sewage. 
This  has  already  received  much  attention  and  fairly  satisfactory 
solutions.  It  embodies  the  treatment  of  the  miscellaneous  solid 
materials  which  are  not  removed  by  water  carriage  in  underground 
channels,  but  require  special  cartage,  and  the  best  disposition  of 
which  is  not  yet  generally  recognized.  The  subject,  in  fact,  is  still 
underdevelopment,  and,  so  it  seems  to  the  speaker,  has  now  reached  a 
stage  where  it  requires  the  assistance  of  the  civil  engineer  to  bring 
it  to  a  satisfactory  state  of  practice. 

For  convenience  of  discussion,   perhaps  also  of  treatment,   the 
materials  included  may  be  divided  into  four  classes: 
/.—Ashes; 
II.  — Street  sweepings ; 

III. — Dry  rubbish; 

IV. — Kitchen  garbage,  swill  or  slop. 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  *be  Drought  before  all  members  of 
the  8oclety  for  further  discussion.  (See  Rules  for  Publication,  Proceedings^  Vol.  xxt, 
p.  71 . ) 

Communications  on  this  subject  received  prior  to  February  28th,  1908,  will  be  pub- 
lished subsequently. 
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The  problem  before  the  engineer,  therefore,  is  to  effect  a  sanitary  Mr.  Hering. 
collection  and  disposal  of  these  four  classes  of  refuse  at  the  least  cost. 
For  this  purpose  he  must  ascertain  and  carefully  consider: 

A. — The  objectionable  qualities  of  each  class  of  refuse,  viewed  from  a 
sanitary  standpoint;  which  means  the  destruction  of  disease 
germs,  the  avoiding  of  a  nuisance  and  the  seeking  of  comfort 
and  decency  in  the  handling  of  this  matter. 
B. — The  cost  of  collection — from  the  place  of  origin  to  that  of  final 
disposal — and  the  cost  of  final  disposal,  modified  by  any  credit 
that  may  be  due  to  a  salable  value  of  any  part  or  parts  of  the 
refuse. 

A. — Sanitaby  CoudBcnoN  and  Disposal. 

J. — Ashes. — The  objectionable  feature  in  the  collection  and  disposal 
of  ashes  is  the  dust.  When  placed  on  the  sidewalk,  when  carted 
through  the  streets,  or  when  dumped  while  the  wind  is  brisk,  the 
arising  of  dust  is  a  nuisance. 

The  evident  and  simple  remedy  against  dust,  when  collecting  ashes, 
is  the  use  of  covered  receptacles  and  covered  carts,  and,  when  disposing 
of  them,  is  a  careful  and  slow  dumping,  or,  on  special  occasions, 
perhaps  also  a  prior  wetting. 

The  filling  in  of  low  ground  is  the  usual  way  of  disposing  of  this 
material  permanently.  Occasionally,  it  has  been  utilized  as  an  ingre- 
dient for  mortar  or  for  road-making. 

77. — Street  Sweepings. — Street  sweepings  consist  of  horse  droppings, 
accumulations  of  general  city  dust  and  dirt  not  separately  removed, 
and  earthy  material  worked  to  the  surface  of  pervious  pavements  or 
brought  by  wheels  from  country  roads. 

The  composition  of  sweepings,  therefore,  varies  with  the  quantity 
and  quality  of  traffic,  the  kind  of  pavement,  and  the  distance  from 
unpaved  roads.  The  sweepings  may  contain  a  large  or  a  small  pro- 
portion of  organic  matter,  some  of  which  may  break  down  rapidly  and 
some  slowly.  The  fineness  of  this  material  is  its  chief  objection,  as 
the  wind  readily  takes  it  up  and  blows  it  about,  to  the  injury  of  man, 
of  beast,  and  of  certain  kinds  of  property.  Germs  of  the  most 
prevalent  city  disease,  tuberculosis,  may  be  abundant  in  the  street 
dust,  and  the  troubles  of  the  continual  warfare  against  this  dust,  when 
settling  in  the  rooms  of  our  houses,  are  known  to  all. 

Sprinkling  and  sweeping  at  frequent  intervals  are  the  recognized, 
though  often  inefficiently  executed,  remedy  against  the  dust  nuisance 
within  the  city,  and  covered  carts  are  also  here  required  for  the 
proper  removal  of  the  material. 

Its  final  disposal  can  be  effected  in  either  of  several  ways.  When 
mixed  with  fuel,  and  especially  when  containing  but  little  inorganic 
matter,  it  can  be  burned,  which  destroys  effectually  the  organic  matter, 
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Mr.  Bering,  including  disease  germs,  contained  therein;  or,  it  can  be  dumped  for 
the  filling  of  low  land,  which  can  be  quite  satisfactory  in  many  cases. 
When  dumped,  the  upper  surface  of  the  fill  alone  remains  exposed  to 
the  wind,  and  this  only  temporarily  until  vegetation  protects  it. 
When  street  sweepings  contain  a  large  proportion  of  organic  ingre- 
dients, as  horse  manure,  they  are  utilized  as  a  fertilizing  agent,  with 
more  or  less  success,  and  with  the  concomitant  elimination  of  their 
objectionable  qualities. 

III. —Dry  Rubbish.— The  dry  rubbish  of  a  community  consists  of 
that  aggregation  of  material  which  is  not  classed  especially  under  the 
other  headings.  It  consists  chiefly  of  wood,  paper,  straw,  leaves,  rags, 
leather,  stoneware,  glass,  metals,  and  sweepings  from  buildings.  Its 
most  objectionable  qualities  are  dust  and  lurking  disease  germs.  It 
is  not  easily  decomposed,  and  its  odor  is  but  slightly  offensive.  Its 
value  consists  partly  in  the  material  that  may  be  picked  out,  assorted 
and  sold,  such  as  metals,  glass,  and  discarded  articles  of  manufacture, 
and  partly  in  the  fuel  constituents  which  it  retains  after  such  picking. 

Its  collection  should  be  made  in  covered  carts,  to  prevent  odors, 
dust,  and  other  nuisances.  The  frequency  of  collection  is  not  an  im- 
portant question,  due  to  the  character  of  the  material. 

Its  final  disposition,  after  it  has  been  picked  over,  is  usually  either 
as  filling  of  land,  by  dumping,  or  as  fuel,  by  cremation. 

Filling  up  low  land  with  this  rubbish  was  an  early  practice,  and  still 
persists  in  many  places.  Where  land  is  available,  where  such  mate- 
rial will  not  cause  future  trouble,  and  where  it  cannot  be  burned  eco- 
nomically, this  practice  cannot  be  seriously  objectionable.  Where  the 
rubbish  can  be  properly  burned,  such  practice  would  generally  be  pre- 
ferred by  the  medical  profession. 

IV. — Kitchen  Garbage,  otherwise  called  Sxoill  or  Slop. — Garbage 
proper  is  the  refuse  chiefly  from  kitchens,  markets  and  slaughter 
houses,  and  consists  almost  wholly  of  rejected  animal  or  vegetable 
matter  in  solid  and  liquid  form.  A  large  proportion,  therefore,  read- 
ily breaks  down,  and,  on  becoming  putrescible,  spreads  offensive  odors 
about. 
•  It  is  the  most  important  part  of  city  refuse,  both  because  it  is  likely 

to  create  the  greatest  nuisance,  and  because  it  has  the  greatest  inher- 
ent commercial  value.  It  has  been  the  subject  of  more  discussion,  its 
treatment  has  been  more  varied,  and  a  satisfactory  solution  of  the 
problem  of  disposal  is  less  generally  acknowledged,  than  in  the  case 
of  the  other  classes  of  refuse. 

Regarding  the  best  manner  of  collecting  this  material,  there  is  but 
little  question.  It  is  generally  conceded  that  it  should  be  placed  in 
water-tight  and  covered  receptacles,  and  collected  in  water-tight  and 
covered  carts  or  wagons.  It  is  also  conceded  that  the  collection 
should  be  frequent.      The  frequency,  however,  varies  often  with  the 
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density  of  population.  Yet  this  density  affects  only  the  quantity  Mr.  Herlng. 
of  the  material,  not  its  liability  to  putrefy,  which  is  controlled  wholly 
by  its  composition,  the  length  of  time  it  is  exposed,  and  by  the  tem- 
perature. That  the  latter  fact  is  beginning  to  be  recognized  in  some 
cities  is  evidenced  by  ordering  more  frequent  collection  in  summer 
than  in  winter.  The  necessary  frequency  should  also  vary  with  the 
manner  of  disposal.  If,  for  instance,  garbage  is  fed  to  swine,  then, 
for  sanitary  results,  a  daily  collection  is  peremptory  throughout  the 
year,  except  only  in  very  cold  weather. 

In  northern  climates,  where  winters  are  cold  and  long,  the  recep- 
tacles, for  obvious  reasons,  are  better  made  of  wood  than  of  metal, 
while  in  warm  climates  the  reverse  is  true,  which  conclusion  is  already 
recognized  occasionally.  Where  garbage  is  likely  to  freeze  while  wait- 
ing for  a  collection,  a  conical-shaped  receptacle  is  the  only  proper 
form. 

The  final  disposition  of  this  material  is  now  being  effected  in  the 
following  ways: 

1. — Feeding  to  swine, 

2. — Dumping  as  filling, 

3. — Dumping  into  large  volumes  of  water, 

4. — Ploughing  into  soil, 

5. — Extracting  the  grease, 

6. — Cremating  the  organic  matter. 
Feeding  to  Swine. — This  was  one  of  the  first  methods  of  disposal 
ever  used,  and  it  is  still  practiced  extensively.  In  New  England  it  is 
the  prevailing  method  in  small  and  medium-sized  communities.  If 
kept  free  from  other  refuse,  and  from  such  as  would  injure  its  food 
quality,  if  collected  and  properly  delivered  daily,  there  seems  to  be 
no  serious  objection  to  this  method,  either  from  a  hygienic  or  com- 
mercial standpoint.  It  has  an  advantage  over  all  other  methods  in 
yielding  a  revenue  from  its  sale,  which  is  sometimes  greater  than  that 
obtained  through  any  other  method  of  disposal.  Its  application, 
however,  must  be  confined  to  conditions  under  which  the  sanitary 
quality  of  the  food,  respecting  disease  germs  and  odors,  can  be  safely 
guarded  and  maintained,  and  which  excludes  it  from  adoption  in  large 
cities,  except  in  the  case  of  hotels  and  eating-houses,  where  a  private 
collection  can  be  secured. 

Dumping  as  Filling. — This  is  practiced  in  places  where  feeding  is 
found  objectionable.  When  not  mixed  with  other  refuse,  dumping  is 
objectionable  on  account  of  the  subsequent  putrefaction,  in  case  of  a 
large  accumulation  of  the  garbage.  When  mixed  with  other  refuse, 
the  merits  of  dumping  depend  on  the  proportions  of  the  ingredients 
of  the  mixture,  and  on  the  character  of  the  locality  where  dumped. 
Under  some  conditions  a  nuisance  would,  and  under  others  would  not, 
result. 
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Mr.  Heriqg.  Dumping  into  Large  Volumes  of  Water.—  This  method  can,  or  cannot, 
be  advised  according  to  the  special  conditions  of  the  case.  Like  the  dis- 
posal of  sewage  by  dilution,  a  safe  disposal  of  garbage  can  be  effected 
by  dispersion,  if  the  quantity  of  water  is  sufficient,  if  the  current  or 
winds  prevent  a  drift  ashore,  and  if  the  sinking  material  does  not 
aooumulate  so  as  to  reduce  the  necessary  channel  depth  for  naviga- 
tion, or  produce  foulness  by  deposit  on  shallow  areas.  Opportunities 
for  a  satisfactory  disposal  in  this  manner  will  be  rare. 

Ploughing  into  Soil. — This  has  been  practiced  with  varying  success. 
If  freed  from  metals  and  large  entangling  objects,  and  if  mixed  with 
barren  sandy  soils  or  acid  soils,  garbage  being  somewhat  alkaline, 
good  results  have  been  obtained  for  the  raising  of  crops  under  care- 
ful management.  This  process  is  at  present  considered  favorably  in 
several  cities  of  Europe,  because  it  can  dispose  of  disease  germs  and 
odors  satisfactorily,  and  because  its  gradual  nitrification  has  pro- 
duced a  fertile  soil  where  sterility' had  previously  prevailed. 

Extracting  the  Grease. — The  extraction  of  grease  from  garbage  is  an. 
American  industry  which  has  been  promoted  in  a  number  of  our 
cities.  The  process  in  its  general  form  consists  briefly  in  separating^ 
the  material  into  two  parts,  each  having  a  salable  value,  namely,  oil, 
or  fat,  and  a  dry,  stable,  fibrous  material  of  vegetable  and  animal 
origin,  called  tankage,  and  used  as  a  filler  or  diluter  for  certain  fer- 
tilizers. The  separation  is  brought  about  by  simple  boiling  and  sub- 
sequent pressing  out  of  the  oil  and  water,  which  are  in  turn  separated 
by  gravity.  Or,  it  is  accomplished  by  an  admixture  with  naphtha, 
which  dissolves  the  oil,  and  later,  after  it  is  separated  from  the  tank- 
age and  cooled,  enables  it  to  be  readily  extracted.  The  water  sepa- 
rated from  the  oil  is  an  offensive  liquid,  and  the  gases  and  fumea 
generated  at  the  works  are  offensive  vapors.  Both  require  a  careful 
and  thorough  treatment. 

The  objections  to  this  reduction  method  of  garbage  disposal,  whioh 
is  still  practiced  in  Boston,  New  York,  Buffalo,  Philadelphia,  Wash- 
ington, St.  Louis,  Cincinnati,  etc.,  although  abandoned  in  some 
cities,  is  due  to  the  offensive  odors  occasionally,  if  not  continually, 
arising  from  the  same.  The  process  requires  the  rejection  at  the 
works  of  tin  cans  and  other  foul  material  which  interferes  with  the 
economical  process  of  securing  the  oil.  For  such  rejected  material  a 
different  treatment  and  disposal  is  necessary.  While,  from  an  engi- 
neering point  of  view,  it  is  practicable  to  construct  and  operate  these 
reduction  works  so  that  odors  will  not  prevail,  the  means  for  doing 
so  are  also  expensive.  As  they  are  operated  invariably  as  a  business 
undertaking  for  profit,  the  conflicting  interests  naturally  involve  the 
constant  danger  of  a  possible  nuisance.  The  practical  result  has  been 
that,  for  the  sake  of  sanitary  security,  such  works  are  now  placed  as 
far  from  inhabited  territory  as  practicable,  with  the  disadvantage  that 
the  distance  for  transportation  has  become  correspondingly  greater. 
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The  advantages  of  this  method  lie  chiefly  in  the  commercial  value  Mr.  Hering. 
of  the  oil  and  in  the  destruction  of  disease  germs  and  putrescible 
matter  by  heat.      There  is  little  value    in  the  tankage,   which  is 
occasionally  used  as  a  fuel  or  even  wasted  on  dumps. 

After  all  the  operations  of  a  reduction  process  have  been  conducted 
without  offense,  the  financial  aspects  will  decide  the  permanent  merits 
and  value  of  this  method  of  disposal. 

Cremating  the  Organic  Matter. — This  is  the  favorite  and  exclusive 
method  of  garbage  disposal  in  England,  where  it  has  been  used  for 
fifty  years;  and  it  is  also  the  favorite  one  of  the  medical  profession. 
In  the  eyes  of  the  sanitarian  the  complete  destruction  by  fire  of  all 
matter  that  may  become  offensive,  and  at  the  same  time  of  all  disease 
germs  that  may  lurk  in  the  sweepings  of  the  house  and  in  the  rejected 
food  materials,  is  an  ideal  process. 

In  practice,  however,  the  results  have  not  always  been  ideal.  In 
our  country  odors  from  such  works  have  been  complained  of  in  many 
instances,  and  a  number  of  crematories  have  been  abandoned  as  nui- 
sances. In  England,  however,  such  has  not  been  the  case.  Furnace 
extensions  are  built  every  year.  Complaints  are  rare.  In  Hamburg, 
Germany,  where  is  the  largest  single  garbage  crematory  in  existence, 
this  is  giving  no  offense,  although  adjoining  a  built-up  section. 

An  examination  into  the  reasons  for  the  different  results  achieved 
by  cremation  in  Europe  and  America  shows  that  the  elements  making 
up  the  problem  are  not  the  same. 

1. — The  material  as  it  is  burned  in  Europe  has  not  the  same  com- 
position as  that  which  here  has  failed  to  burn  properly.  European 
success  was  achieved  with  refuse  generally  consisting  of  a  mixture  of 
garbage  with  ashes  and  dry  combustible  rubbish.  The  chief  failures 
in  America  are  recorded  where  garbage  alone  was  cremated,  without 
the  admixture  of  other  combustible  dry  refuse,  and  even  after  the 
addition  of  furnace  coal.  An  examination  into  the  combustibility  of 
European  and  American  combined  refuse  does  not  show  a  great  dif- 
ference. The  few  analyses  we  have  show  that  cremation  under  proper 
precautions  and  suitable  conditions  should  be  as  practicable  here  as 
in  England,  and  recent  furnaces  built  here  demonstrate  this  fact. 

2. — The  essentials  in  the  construction  of  the  successful  English 
furnaces  differ  from  those  of  the  furnaces  peculiar  to  our  country, 
where  they  have  not  been  satisfactory.  The  English  furnaces  are 
built  with  sloping  grates  of  small  area,  while  the  American  furnaces 
generally  have  horizontal  grates  of  large  area.  It  is  hardly  necessary 
here  to  point  out  that  in  this  element  lies  a  main  defect  of  our  plants. 
A  sloping  grate  admits  of  an  almost  automatic  continuous  process  of 
gradual  drying,  then  heating,  and  finally  burning;  the  fresh  material 
being  added  at  the  upper  end  and  the  hottest  fire  being  near  the  lower 
end.     A  horizontal  grate,  on  the  other  hand,  to  secure  proper  com  bus- 
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Mr.  Hering.  tion,  depends  almost  wholly  upon  stoking,  which  causes  the  burning 
to  be  irregular,  due  to  the  sudden  dropping  of  cold  and  perhaps  wet 
material  upon  that  which  is  already  almost  completely  burned.  In 
Europe  we  also  find  an  extensive  use  of  large  dust  chambers  to  pre- 
vent the  escape  of  this  fine  material,  of  which  we  so  often  hear  com- 
plaint.- We  find  also  a  more  frequent  and  effective  placing  of  dampers 
to  control  the  draughts,  and  thus  prevent  the  escape  of  unburned,  and 
therefore  odorous,  solid  particles  and  gases.  Finally,  more  attention 
is  directed  there  than  here  to  the  evolution  of  the  greatest  possible 
heat  for  the  incidental  production  of  steam. 

3. — The  expert  garbage  fireman,  who  is  considered  essential  to 
success  in  England,  is  generally  supplanted  here  by  a  man  whose  only 
qualification  for  the  position  may  be  that  he  can  shovel  coal  or  pull 
out  clinkers,  but  generally  has  not  the  remotest  knowledge  or  even 
conception  of  the  difficulties  in  burning,  on  a  large  scale,  both  continu- 
ously and  completely,  the  most  heterogeneous  mixture  of  all  forms 
of  solid  matter  to  be  gathered  from  a  modern  community.  The 
advantage  of  a  trained  expert  in  firing  city  refuse  was  well  shown  by 
the  fact  that  until  Hamburg  imported  English  firemen  to  train  the 
German  firemen  in  the  mere  operation  of  their  own  plant,  satisfactory 
results  could  not  be  obtained. 

4. — In  Europe,  the  municipalities,  under  the  guidance  of  experi- 
enced engineer  officers,  generally  undertake  the  cremation  by  their 
own  long-trained  employees,  while  here  usually  either  the  health  boards 
or  council  committees  select  not  only  the  design,  but  indicate  the 
method  of  operation,  appoint  inexperienced  employees,  or  enter  into  a 
contract  for  immediate  profit  rather  than  for  permanent  efficiency. 
The  difficulties  underlying  the  problem  of  city  refuse  disposal,  wbich 
is  almost  wholly  one  of  engineering,  have  been  solved  satisfactorily 
where  competent  engineers  have  been  employed  for  the  purpose.  It 
is  hardly  to  be  expected  that,  without  professional  skill  and  training, 
desirable  results  can  be  reached  in  this,  any  more  than  in  any  other, 
branch  of  engineering. 

It  will  therefore  rest  finally  upon  our  profession  to  solve  this  urgent 
question  in  our  country,  by  not  only  making  the  necessary  prelimi- 
nary investigations  to  determine  the  most  economical  means  of  disposal, 
to  indicate  the  methods,  and  to  design  the  works  that  will  accomplish 
this  in  a  sanitary  and  inoffensive  way;  but,  also,  by  indicating  the 
details  of  operation  most  suitable  for  the  particular  kinds  of  material 
delivered. 

B. — Cost  of  Collection  and  Disposal. 

In  discussing  this  subject,  in  full  view  of  what  has  been  said 
regarding  the  sanitary  demands,  we  are  now  able  to  add  that  the  latter 
demands  can  be  satisfied  by  the  engineer  in  any  and  all  of  their  aspects 
if  the  necessary  price  is  paid.     He  is  therefore  obliged  to  estimate, 
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here,  as  in  bis  other  problems,  the  cost  of  each  method,  developed  to  Mr.  Hertag 
a  point  of  satisfactory  efficiency.  The  least  expensive  of  the  several 
possible  methods  will  then  become  the  preferable  one.  As  the  ques- 
tion of  cost  embodies  tbe  collection,  from  the  point  of  origin  to  the 
point  of  disposal,  the  estimate  must  embody  the  expense  required 
between  these  two  points; .  for  one  process  may  require  a  much 
longer  haul  than  another;  then,  to  be  economical,  the  disposal  in  the 
first  case  must  cost  proportionately  less  than  in  tbe  second. 

Theoretically,  it  would  be  proper,  in  a  given  case,  first  to  estimate 
the  cost  of  properly  collecting  and  disposing  of  each  class  of  refuse, 
separately,  in  accordance  with  the  several  practicable  ways  indicated. 
Then  it  might  appear  that  perhaps  some  two  or  three  or  all  four  classes 
of  refuse  could  be  treated  economically  by  the  same  process.  In  this 
event  a  second  estimate  of  cost  would  be  appropriately  made  for  a 
system  of  combining  tbe  collection  and  disposal  of  two  or  more  such 
classes  of  refuse,  and  thereby  the  expediency  of  a  system  of  separa- 
tion or  combination,  in  part  or  as  a  whole,  would  be  ascertained.  In 
practice,  this  procedure  sometimes  might  be  very  simple. 

In  making  such  estimates  of  cost  it  is  necessary  to  take  account  of 
both  debit  and  credit  sides  of  the  financial  aspect. 

The  collection  is  a  debit  in  every  case,  its  amount  depending  upon 
the  distance  tbe  refuse  is  hauled.  When  garbage  is  fed  to  swine,  the 
collection  should  be  more  frequent  than  in  other  cases,  and  a  further 
debit  would  be  proper  on  that  account. 

The  final  disposal  has  both  debit  and  credit  sides  to  be  investi- 
gated. In  the  case  of  kitchen  garbage  and  dry  rubbish  a  substantial 
debit  is  required  in  establishing  preventive  and  precautionary  meas- 
ures against  the  arising  of  offensive  odors,  of  dust  or  other  nuisances, 
in  whatever  process  of  disposal  may  be  considered.  On  the  other 
hand,  the  credits  must  be  determined,  as  the  case  may  be,  and,  if 
found  to  exist,  they  may  be  given  to  the  several  classes  of  refuse  as 
follows : 

Ashen. — By  filling  land,  utilization  for  road-making,  or  as  an  ingre- 
dient of  mortar,  or  otherwise. 

Street  Sweepings, — By  making  land  or  by  utilization  as  manure,  or 
otherwise. 

Dry  Rubbish. — By  utilizing  whatever  value  exists  in  the  pickings, 
and  in  the  remainder  as  fuel  for  power  purposes. 

Kitchen  Garbage. — By  utilizing  its  value  either  as  food  for  swine,  as 
grease  and  fertilizer,  or  as  a  heat  producer  for  power  development. 

If  the  subject  under  discussion  is  treated  substantially  as  above 
outlined,  the  speaker  believes :  First,  that,  through  tbe  co-operation  of 
the  engineering  profession,  it  will  gradually  cease  to  be  a  vexed  ques- 
tion among  our  legislators;  secondly,  that  the  sanitary  demands,  i"** 
preventing  nuisances  and  dangers  to  health,  will  be  satisfied ;  thirdly  » 
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Mr.  Hertag.  that  the  economical  advantages  inherent  to  the  several  processes  will 
be  secured;  and  fourthly,  that  the  result  will  be  an  efficient  process 
operated  at  the  lowest  cost. 
Mr.  Parsons.  H.  de  6.  Pabsons,  M.  Am.  Soo.  C.  E. — The  primary  collection  of 
the  refuse  of  a  municipality  is  made  by  carts,  which  convey  the  waste 
material  to  points  for  final  disposition.  This  primary  collection 
presents  no  special  difficulties.  It  is  a  matter  of  carefully  working 
out  the  details  to  suit  best  the  existing  conditions. 

The  problem  that  is  serious  and  difficult  to  solve  is  that  of  the 
final  disposition  of  this  refuse— a  problem  which  is  closely  allied  to 
the  health  of  the  community.  The  direct  benefits  derived  by  a  suitable 
system  for  sanitary  disposal  are  augmented  indirectly  by  an  increase 
in  the  health  of  the  community. 

No  matter  how  the  question  is  approached,  the  practical  consider- 
ations of  first  cost  and  expense  of  operation  and  maintenance  will  be 
found  paramount.  On  this  account,  as  well  as  the  short  tenure  of 
office  of  our  city  authorities,  systems  have  come  into  use  which  are 
neither  the  most  sanitary  nor  most  economical  for  final  disposition. 
Contracts  have  been  let  for  such  short  periods  that  contractors  have 
refrained  from  erecting  suitable  plants,  and  systems  have  been  evolved 
which  only  earn  for  the  cities  a  portion  of  the  direct  returns  that 
might  be  obtained. 

The  refuse  of  a  municipality  consists  of  garbage,  ashes,  rubbish 
and  street  sweepings.  In  an  average  American  city  the  divisions  are 
proportioned  approximately,  as  follows: 

By  weight.  By  volume. 

Garbage 13  per  cent.  18  per  cent. 

Ashes 80       "  57       " 

Rubbish 7       "  25       " 

The  statistics  gathered  from  one  city  are  not  applicable  to 
another;  and  results  predicated  on  information  obtained  from  other 
places  will  not  always  be  satisfactory.  In  order  to  make  a  final  solu- 
tion of  the  problem,  it  is  necessary  to  study  the  conditions  obtaining 
in  the  particular  place  under  consideration.  Garbage  is  combustible. 
It  is  extremely  difficult,  however,  to  burn  pure  garbage,  and  it  has 
been  found  necessary  to  mix  fuel  with  it  in  order  to  obtain  complete 
combustion.  The  amount  of  fuel  required  varies  from  8  to  20%  of 
coal  by  weight,  according  to  the  character  of  the  place  and  the 
constituent  elements  of  the  garbage.  Ordinary  kitchen  garbage 
consists  of  approximately,  by  weight  : 

Animal  and  vegetable  matter 20  per  cent. 

GreaBe 3       *• 

Water 70 

Rubbish,  cans,  rags,  etc 7       u 
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Ash  collections  are  divisible  into  two  kinds,  steam  ash  and  house-  Mr.  Panoos. 
hold  ash.  The  steam  ash,  produced  by  manufacturing  companies, 
comes  to  a  city  dump  practically  pure.  It  is  clean  and  contains  little 
unburned  coaL  The  household  ash,  on  the  contrary,  contains  a  large 
quantity  of  unburned  coal.  It  has  been  estimated  that,  in  a  city  like 
New  York,  the  quantity  of  unburned  coal  in  the  ash  carted  to  the 
dumps  from  private  houses  and  apartment  houses  amounts  to  about 
20^o »  &nd>  in  the  speaker's  experience,  there  is  little  question  but  that 
the  proportion  is  correct.  This  coal,  mixed  with  the  ash,  can  be  and 
is  utilized  as  fuel  to  assist  in  the  combustion  of  garbage.  The  ash 
collections  make  a  good  filling  material,  and  can  be  disposed  of  for 
that  purpose. 

Rubbish  collections  are  very  combustible,  as  are  also  the  street 
sweepings. 

Final  disposition  of  the  refuse  may  be  made,  first,  by  dumping  on 
waste  lands,  or  at  sea;  secondly,  by  sending  the  garbage  to  reduction 
works,  cremating  the  rubbish,  and  utilizing  the  ash  collections  for 
filling;  and,  thirdly,  by  cremating  the  garbage  and  rubbish,  and  util- 
izing the  ash  collections  for  filling. 

The  first  method  is  neither  sanitary  nor  satisfactory. 

The  second  method  is  sanitary,  but  not  wholly  satisfactory.  The 
reduction  works  can  only  handle  garbage,  and  the  system  is  considered 
uncertain  in  case  of  an  epidemic,  as  the  employees  might  refuse  to  work 
the  plant.  Such  works  can  only  afford  to  operate  on  a  bonus  paid  by 
the  city.  The  process  consists  of  extracting  the  moisture  by  pressure, 
as  being  cheaper  than  evaporation,  and  of  cooking  the  material  by 
steam  in  large  tanks  or  digesters.  The  products  are  grease  and  a 
residue  sold  as  fertilizer.     The  plants  are  expensive  to  construct. 

The  third  method  is  sanitary,  and,  in  the  speaker's  judgment,  the 
best;  because  it  has  been  accomplished  without  creating  a  nuisance, 
because  it  is  the  most  sanitary,  and  because  it  can  be  made  to  produce 
the  greatest  revenue.  To  be  successful  the  combustion  must  take 
place  at  a  high  temperature,  say  between  1  500  and  2  000°  Fahr. 
The  household  ash,  the  rubbish  and  the  street  sweepings  will  supply 
the  fuel. 

Cremation  has  been  tried,  in  a  number  of  places  in  America,  with 
poor  results,  although  very  successfully  practiced  in  Europe.  The 
failure  in  American  cities  has  been  largely  due  to  faulty  design  of  the 
furnaces,  lack  of  high  temperature  (a  most  essential  feature),  and  want 
of  means  for  properly  caring  for  the  garbage  when  first  brought  to  the 
destructor.  When  garbage  is  allowed  to  collect  in  mass,  it  is  most 
highly  objectionable,  and  such  collections  have  caused,  in  some 
instances,  the  failure  of  what  otherwise  might  have  been  a  successful 
plant.  The  heat  generated  can  be  used  for  various  purposes  and  be 
made  income-earning. 
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Mr.  Persons.  Conditions  in  the  City  of  New  York. 

Area  of  Greater  New  York 320  sq.  miles. 

"     "  Borough  of  Manhattan 39  " 

Paved  Streets,  Greater  New  York 1  000  " 

"    London 1818  " 

"    Paris 604  " 

"    Berlin 500" 

The  amount  of  refuse  collected  yearly  in  the  Boroughs  of  Manhat- 
tan, Bronx  and  Brooklyn  is  about  2  800  000  tons.  The  collections,  in 
pounds  per  capita  per  week  day,  are  about  as  follows: 

Garbage 0.4  lbs. 

Ashes 2.5    ■« 

Rubbish 0.3    " 

Street  sweepings 0.7    " 

Total  per  capita  per  week  day 3.9   " 

Comparing  this  record  with  other  cities,  of  which  the  records  are 
believed  to  be  fairly  accurate,  the  following  comparison  is  made: 

New  York 3.9  lbs.  per  capita  per  day. 

London 1.6   " 

Berlin 0.9  "  "  " 

Results  varying  so  widely  show  the  difficulty  in  predicting  what 
can  be  done  with  a  municipal  refuse,  unless  one  knows  in  advance  the 
character  of  the  waste. 

The  rubbish  collections  in  New  York  City  weigh,  on  the  average, 
about  250  lbs.  per  cubic  yard.  In  Boston  they  weigh  about  202  lbs. 
per  cubic  yard. 

These  rubbish  collections  have  been  divided  as  follows : 

By  weight.  By  volume. 

Combustible  material 60  per  cent.     37  per  cent. 

Incombustible  material  (valueless).     5  "       "  3  "         " 

Marketable  material 35  "       "        60  " 

The  rubbish  is  picked  over  at  the  dumps  by  a  trimming  contractor, 
who  pays  the  city  for  the  privilege.  The  value  of  this  marketable 
material  to  the  city  is  about  $3.20  per  ton.  The  Commissioner  of 
Street  Cleaning  has  stated  that  this  figure  is  too  low;  probably  it 
should  be  increased  50  per  cent.  It  is  figured  as  follows:  The  average 
rubbish  collections  are  300  tons  per  day,  or  1  800  tons  per  week,  of 
which  the  marketable  or  salable  material  is  35%,  say  600  tens.  For 
this  the  contractor  pays  the  city  approximately  $1  920,  or  at  the  rate 
of  83. 20  per  ton. 

The  present  Commissioner  of  the  Department  of  Street  Cleaning 
had  an  incinerating  plant*  constructed,  from  designs  by  the  speaker, 

♦Illustrated  in  Engineering  News  and  in  The  Engineering  Record,  in  April,  1902. 
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at  the  city  dump  at  the  foot  of  West  47th  Street,  Borough  of  Man-  Mr.  Parson* 
hat  tan. 

The  record  of  this  incinerator  is  as  follows:  The  number  of  loads 
of  rubbish  brought  to  the  incinerator  per  day— maximum, 80;  minimum, 
20;  average,  44.2.  The  44.2  loads  per  day  weigh  about  61  000  lbs.,  or 
30.5  tons.  Of  this  amount  about  75%,  or  22.87  tons,  was  consumed; 
b%*  or  1.5  tons,  was  incombustible;  and  about  20%,  or  6.1  tons,  was 
trimmed.  Much  more  than  20%  could  have  been  trimmed,  but  the 
incinerator  burned  the  material  so  fast  that  the  contractor  did  not 
have  time  to  separate  it  out. 

The  incinerator  contains  a  grate  surface  of  90  sq.  ft.,  and  the  stack 
is  120  ft.  high.  The  average  weight  of  the  material  consumed  per 
hour  is  5  720  lbs.,  or  63.5  lbs.  per  square  foot  of  grate  per  hour. 

The  design  of  the  incinerator,  in  brief,  consists  of  three  cells,  each 
having  30  sq.  ft.  of  grate  area.  The  products  of  combustion  pass  over 
the  cells  into  the  smoke  flue  in  such  a  manner  that  the  product  from 
Cell  No.  1  has  to  pass  over  Cells  Nos.  2  and  3;  the  product  of  com- 
bustion from  Cell  No.  2  mixes  with  the  products  from  Cell  No.  1  and 
together  they  pass  over  Cell  No.  3;  and  that  from  Cell  No.  3  mixes 
with  the  products  from  Cells  Nor.  1  and  2  and  is  intimately  mixed 
again  in  passing  along  a  tortuous  flue  to  the  base  of  the  stack  The 
result  of  this  arrangement  has  been  highly  satisfactory,  as  regards  the 
non-production  of  smoke.  Taking  a  stormy  day  when  the  material 
was  brought  to  the  incinerator  wet,  the  smoke  was  seldom  visible  for 
more  than  about  75  ft.  from  the  top  of  the  stack,  and  then  only 
during  the  period  of  stoking  one  of  the  grates. 

This  incinerating  plant  was  constructed  as  an  experiment.  In 
order  that  it  might  be  free  from  any  hindrance  by  injunction  or  other- 
wise, lest  it  create  a  nuisance  to  neighboring  property,  it  was  de- 
cided to  locate  the  plant  on  one  of  the  city  piers,  about  250  ft.  from 
the  bulkhead  line.  The  permanency  of  location,  of  course,  was  not 
considered,  the  idea  being  that  if  the  plant  could  be  constructed 
quickly  and  show  that  combustion  could  be  carried  on  without  creat- 
ing a  nuisance,  it  would  lead  to  the  introduction  in  the  future  of  other 
stations,  more  favorably  situated,  and  at  which  better  facilities  could 
be  provided  for  the  reception  of  the  material  and  for  the  picking  of 
the  same. 

The  incinerator,  thus  far,  has  proved  satisfactory,  and  the  Com* 
missioner  has  authorized  the  preparation  of  plans  for  further  developing 
its  capacity. 

An  analysis  of  the  cost  of  incineration  compared  with  removal  of 
material  by  scows  is  as  follows: 

First,  the  Final  Disposition  by  Scows,  as  Formeity  Practiced. — Assum- 
ing the  same  figures  as  now  obtained  at  the  incinerator,  namely,  30J 
tons  of  material  per  day,  on  the  average,  the  cost  of  removal  of  that 
material,  figured  at  15  cents  for  towing,  and  two  days'  hire  of  the 
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Mr.  Parsons,  scows,  (one  for  loading  and  one  for  towing)  at  23  cents,  comes  to 
about  38  cents  per  ton.  Owing  to  the  bnlkiness  of  rubbish,  only 
about  one-half  tonnage  can  be  put  upon  a  scow,  the  tonnage  being 
figured  by  volume,  which  makes  the  disposal  of  the  material  come  to 
something  like  80  cents  or  more  per  ton  by  weight.  Therefore,  24.39 
ton 8  at  80  cents  cost  the  city  $19.51  for  removal.  The  6.1  tons,  making 
up  the  30.5  tons,  which  is  saved  by  the  trimmers,  at  $3.20,  also  figures 
$19.52;  thus,  practically,  the  cost  of  removal  by  scows  was  offset  by 
the  receipts  from  trimming. 

Second,  by  Incineration. — The  result  is  approximately  as  fol- 
lows: Received  from  trimming  6.1  tons  at  $3.20,  $19.52  per  day. 
Received  from  the  city  ash  collections,  which  at  this  dump 
amount  to  about  600  tons  per  day,  and  which  are  made  salable  at, 
say,  5  cents  per  ton  when  freed  from  the  rubbish,  $30.00.  Total 
receipts  to  the  city,  $49.52.  The  cost  to  remove  the  incombustible 
material,  1.5  tons,  at  38  cents,  58  cents;  cost  of  burning,  interest 
and  repairs  on  the  incinerator,  estimated,  at  $7  per  day;  labor,  feeding 
and  firing,  four  men,  $10  a  day;  ash  removal,  $1  a  day;  total,  $18, 
Net  gain,  therefore,  to  the  city,  $30.94  per  day;  yearly  gain,  more  than 
$9  000. 

The  incinerator,  at  these  figures,  will  pay  for  itself  within  two 
years.  According  to  the  figures  quoted  by  the  Commissioner,  namely, 
19  cents  a  ton  for  the  ash  collections,  would  make  a  daily  revenue  of 
$114  from  the  ashes,  in  place  of  $30,  or  a  net  gain  of  $114.94  per  day, 
or  more  than  $34  000  per  annum;  at  which  rate  the  incinerator  .would 
pay  for  itself  in  less  than  six  months. 

The  ashes  produced  by  the  incinerator  are  very  light,  completely 
burned,  and,  owing  to  the  large  quantity  of  wood  from  which  they  are 
produced,  have  some  value  as  a  fertilizer,  and  are  used  by  the  Park 
Department  for  spreading  on  lawns  and  around  trees. 

The  improvements  referred  to  are  an  unloading  floor  and  a  belt 
conveyor,  which  should  increase  the  amount  of  material  trimmed, 
that  is,  the  marketable  material;  and  should  reduce  the  cost  of  labor. 
Probably  the  services  of  two  of  the  men  now  required  could  then  be 
dispensed  with. 
Mr. Morse.  W.  F.  Morsb,  Esq. — For  twelve  years  the  speaker  has  been  ac- 
tively engaged  in  the  work  of  final  disposal  of  municipal  refuse.  It 
has  been  his  province  to  present  the  question  in  many  places  and  in 
many  ways,  and,  until  now,  it  must  be  candidly  said  that  it  has  not 
met  with  appreciation  or  attention  on  the  part  of  the  engineering  fra- 
ternity. It  has  been  a  question  which  has  fought  its  way,  despite  op- 
position, has  been  in  the  hands  of  men  and  committees  who  were 
really  unacquainted  with  the  subject,  and  has  consequently  been  ap- 
proached from  the  standpoint  of  an  endeavor  to  solve  an  engineering 
question  without  the  benefit  of  the  best  engineering  skill. 
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The  whole  subject  is  a  very  wide  one;  it  cannot  be  treated  in  a  short  Mr.  Morse. 
way — by  a  short  discussion— it  has  to  be  taken  piecemeal  and  dis- 
sected, each  part  separated  and  treated  by  itself. 

The  remarks  of  Mr.  Bering  coyer  the  whole  question  in  a  general 
way.  He  has  given  an  outline  of  the  various  methods  of  collection,  of 
the  disposal,  and  of  the  results  obtained.  The  remarks  of  the  Com- 
missioner of  Street  Cleaning  and  of  Mr.  Parsons  cover  the  work  done  in 
New  York,  but  there  are  many  other  cities  than  New  York  investigat- 
ing this  matter,  and  it  is  of  much  wider  scope  than  the  limited  field  of 
.  a  single  city. 

In  the  limited  time  allowed  it  is  possible  to  deal  with  the  question 
only  in  a  very  general  way,  and  to  give  a  brief  sketch  of  what  has  been 
done  in  the  past  ten  or  twelve  years  in  this  country,  and,  in  comparison 
with  that,  an  idea  of  what  has  been  accomplished  abroad. 

Municipal  waste  has  been  divided  into  four  classes:  garbage,  street 
sweepings,  ashes  and  refuse.  The  disposal  of  all  these  is  accom- 
plished by  two  methods,  or  systems:  reduction  and  cremation.  Re- 
duction, or  the  treatment  of  garbage  only  for  obtaining  a  commercial 
product,  is  not  now  under  discussion ;  but  it  may  be  said  in  passing  that 
this  method  has  been  adopted  by  several  of  the  larger  cities,  has  cost 
large  sums  of  money  to  establish,  and  is  yet  at  a  stage  where  it  is  im- 
possible to  say  what  its  future  will  be.  It  is  only  known  that  com- 
panies and  men  are  putting  large  sums  of  money  into  reduction 
processes,  and  that,  so  far,  as  many  plants  have  failed  and  have  been 
abandoned  as  have  succeeded. 

If  a  city  is  investigating  this  subject  with  a  view  to  the  disposal  of 
all  its  waste,  and  if  it  adopts  a  means  of  disposal  which  treats  only 
one-tenth  of  it,  there  is  manifestly  left  on  its  hands  the  remaining 
nine-tenths.*  Reduction  deals  with  only  10  or  12%  of  the  whole  col- 
lected waste  of  the  city,  treating  garbage  only.  Cremation,  on  the 
other  hand,  takes  the  whole  collection  of  miscellaneous  waste  and  dis- 
poses of  it  all. 

There  have  been  in  the  United  States,  in  the  last  twelve  or  thirteen 
years,  something  like  seventy-five  or  eighty  places  where  cremation  has 
been  adopted.  This  work  was  begun  in  Des  Moines,  Iowa,  about  four- 
teen years  ago,  by  a  furnace  invented  by  Mr.  Andrew  Engle,  and  from 
which  have  come  all  the  forms  of  the  American  cremator,  all  more  or 
less  imitations  of  the  original  Engle  type.  It  is  a  structure  of  rect- 
angular form,  having  an  upper  chamber  and  transverse  bars  on  which 
the  garbage  is  deposited.  The  fire  is  at  one  end,  and  in  most  cases  the 
secondary  fire  for  burning  the  gases  is  at  the  other  end.  In  all  cases 
of  American  crematories  two  fires  have  been  found  necessary,  and  that 
principle  has  been  maintained  in  constructions  of  this  type. 

About  a  month  ago,  an  article  appeared  in  one  of  the  prominent 
municipal  journals  under  this  caption:  "Why  do  American  Crenaa- 
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Mr.  Morse,  tories  Fail?"  The  text  of  that  article  was  a  report,  made  by  a  leading- 
engineer  of  this  Society,  upon  a  furnace  built  in  a  neighboring  city,, 
and  which  was  reported  to  be  working  unsatisfactorily.  In  the  main  es- 
sentials, that  article  is  true,  and,  after  twelve  years'  experience  in  build- 
ing garbage  furnaces  in  this  country,  the  speaker  is  in  a  position  to  say 
that  satisfactory  progress  has  not  been  made;  that  while  one  or  another 
type  of  furnace  after  the  American  pattern  has  been  built  and  has  per- 
formed its  functions,  and  may  be  still  doing  so,  the  retrogression — 
that  is  to  say  the  abandonment  of  furnaces  which  have  been  built  after 
these  patterns — has  kept  pace  with  the  number  installed.  Therefore, 
comments,  by  the  newspapers  and  by  prominent  engineers,  to  the 
effect  that  the  progress  of  the  disposition  of  waste  in  this  country  is 
not  satisfactory,  are  absolutely  true. 

Beginning  fourteen  years  ago,  with  that  form  of  American  cremator 
which  was  shortly  after  imitated  by  other  constructions,  there  have 
been  seventy-five  built,  and  of  these  perhaps  the  most  widely  known 
and  successful  installation  of  the  American  type  was  made  at  the 
World's  Fair  in  Chicago.  This  was  a  case  where  it  was  expected  that 
some  50  or  60  tons  of  refuse  per  day  would  be  handled,  also  the  sew- 
age sludge  which  could  not  be  disposed  of  in  any  other  way.  Fur- 
naces, after  an  improved  Engel  pattern,  were  built,  and  were  run  six 
months  without  intermission,  using  oil  as  fuel,  and  destroying  on  the 
grounds  of  the  Exposition,  within  the  confines  of  one  building,  all  the 
garbage  and  all  the  sewage  sludge  caused  by  the  presence  of  27  500  000 
persons,  without  sanitary  nuisance,  and  to  the  entire  satisfaction  of 
the  authorities. 

That  is  an  example  of  what  might  be  done  under  the  best  condi- 
tions in  which  an  American  furnace  could  work,  but  that  example  was 
never  improved  upon.  The  furnaces  so  built* were  offered  as  a  gift  to- 
the  City  of  Chicago,  but  they  were  declined  on  the  ground  that  they 
were  'placed  on  public  property,  under  control  of  the  State,  not  the 
City,  and  could  not  be  accepted  by  the  City.  The  results  of  that 
demonstration  in  Chicago  show  that  under  proper  conditions  garbage 
containing  a  large  percentage  of  moisture  and  sewage  sludge  (two  of 
the  most  refractory  things  in  the  world  to  deal  with  by  fire)  could  be 
destroyed  by  maintaining  a  sufficiently  high  temperature  and  provid- 
ing combustion  chambers  for  the  destruction  of  the  gases.  Unfor- 
tunately, this  example  was  never  carried  much  further  by  that 
company,  but  it  was  acted  upon  by  others,  and  has  been  repeated 
since;  yet,  in  spite  of  the  lessons  taught  by  ten  or  twelve  years  of  ex- 
periment, it  may  be  said  that  the  progress  made  in  cremation  work 
has  been  equalled  by  the  retrogression  in  the  same  line;  that  furnaces- 
are  abandoned  about  as  often  as  they  are  built. 

There  are  several  obvious  reasons  for  this.  The  work  has  been 
begun  at  the  wrong  end.     At  the  outset,  a  sufficient  amount  of  engi- 
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neering  skill  was  never  applied  to  it.  Municipal  committees  have  Mr.  Moree. 
gone  about  the  country  and  have  been  persuaded  by  ambitious  furnace 
builders 'to  install  plants.  These  plants  have  been  simply  experi- 
mental— built  for  a  profit.  They  were  not  durable,  and  required  ex- 
tensive repairs.  In  many  cases  they  were  not  sanitary;  they  emitted 
odors;  they  were  not  in  all  respects  adapted  to  the  work  required  of 
them,  and  they  were  expensive  to  operate.  Yet,  with  all  their  defects, 
they  have  made  for  progress  in  one  particular:  they  have  directed  the 
attention  of  the  people  to  the  fact  that  something  is  needed. 

At  the  present  time  there  are  four  or  five  companies  constructing 
garbage  crematories  with  varying  success  in  different  parts  of  the 
country.  There  are  at  least  ten  or  twelve  firms  who  have  gone  down — 
in  other  words,  who  have  constructed  furnaces  found  to  be  inefficient — 
and  we  are  at  a  stage  of  the  general  question  of  cremation  where  it  is 
necessary  to  have  some  more  efficient  means  brought  forward.  If 
progress  is  to  be  made,  it  must  be  made  either  by  inventing  a  new 
furnace,  or  by  adopting  other  furnaces  which  have  been  proven  suc- 
cessful elsewhere. 

The  question  arose  in  England  twenty-five  years  ago,  long  before 
it  was  ever  thought  of  here.  It  began  by  the  construction  of  the  cell 
furnace,  so-called,  the  Freyer  destructor,  operating  by  the  use  of  a 
natural  chimney  draught,  no  forced  draught  being  thought  necessary 
at  that  time.  The  results  were  almost  identical  with  those  of  the 
American  furnaces  of  to-day.  The  temperature  was  low,  offensive 
gases  were  thrown  off,  notwithstanding  the  "  fume-cremator,"  or  sec- 
ondary fire,  and  it  was  found  expensive  to  maintain.  No  real  progress 
was  made  until  about  four  or  five  years  ago,  when  the  furnace  was 
shortened,  forced  draught  introduced,  the  sloping  platform  made  in 
such  a  shape  that  the  garbage  could  be  used  as  part  of  the  fuel,  and 
a  combustion  chamber  added,  behind  which  a  steam  boiler  was 
placed. 

The  English  destructors  are  to-day  one  of  the  most  powerful 
agencies  for  sanitary  conditions  in  England.  They  take  what  is 
known  here  as  municipal  waste,  as  a  whole.  No  separation  is  made; 
the  entire  waste  of  the  household  goes  into  what  is  called  an  ashpit, 
or  ash  bin — garbage,  refuse  and  ashes — and  this  is  taken  directly  to  the 
destructor  and  burned.  It  is  destroyed  under  forced  draught,  with 
no  other  fuel  needed  than  the  material  itself.  The  result  is  the  pro- 
duction of  a  volume  of  heat  which  operates  steam  boilers  of  very  great 
capacity,  the  power  from  them  being  utilized  for  the  production  of 
electricity,  for  pumping  sewage  and  water,  and  for  many  other  muni- 
cipal purposes. 

The  comparison  between  English  and  American  efficient  disposal 
work  is  distinctly  against  us.  We  are  doing  as  they  did  six  or  eight 
years  ago.     At  the  present  time  there  is  no  English  destructor  on  this 


94  DISCUSSION  ON  SANITARY   DISPOSAL  OF  EEFU8E.    [Papers. 

Mr.  Morse,  continent.  The  Thackeray  furnace  is  an  attempt.  It  is  really  an  imi- 
tation of  the  principles  of  the  Freyer  destructor  which  was  built  many 
years  ago  in  England,  and  which  has  now  almost  passed  out  of  date, 
being  supplanted  by  more  powerful  ones.  There  are  two  examples  of 
this  furnace,  one  in  Montreal  and  another  in  San  Francisco;  but  in  the 
last  five  years,  since  these  furnaces  were  built,  no  others  have  been 
installed,  and  there  has  been  little  attempt  to  develop  more  fully  the 
English  ideas. 

The  chief  reasons  for  this  lie  practically  on  the  financial  side  of  the 
question.  The  cost  of  the  construction  of  a  destructor  is  about  one- 
half  more  than  the  cost  of  an  American  cremator  of  equal  capacity , 
and  municipalities  are  usually  looking  first  to  the  dollar  and  second 
to  the  sanitary  operation  and  to  the  comfort  of  the  people. 

The  following  figures  are  quoted  from  the  latest  information 
regarding  the  operation  of  the  English  destructors.  The  compara- 
tive results  from  twenty  English  destructors,  of  eight  different  types,, 
with  thirty-two  tests  made  for  evaporation  at  different  periods,  shows 
that  the  average  combustion  per  square  foot  of  grate  surface  is  47  lbs. 
of  mixed  waste,  garbage,  ashes  and  refuse,  and  the  evaporation  of  1.36 
lbs.  of  water  for  every  pound  of  waste  consumed.  Therein  lies  the 
secret  of  the  progress  made  in  England.  When  they  put  into  their  de- 
structors a  mixed  mass  of  material  and  burn  it  under  a  forced  draught 
and  develop  steam  power  which  is  equivalent  to  the  evaporation  of  1J 
lbs.  of  water  for  every  pound  destroyed,  the  enormous  force  produced 
can  readily  be  seen,  the  utilization  of  which  has  made  it  possible  for 
every  municipality  to  do  its  work  with  its  own  power,  without  other 
fuel  than  the  material  destroyed,  at  a  very  small  cost  as  compared  to 
the  cost  of  operation  on  this  side  of  the  water. 

The  cost  of  labor  for  destroying  a  ton  of  mixed  refuse  will  run 
from  12  cents  to  30  cents  per  ton,  dependent  upon  local  conditions. 
In  one  place  the  work  is  carried  on  at  a  profit;  in  others,  the  returns 
from  the  destructor,  in  steam  power  and  in  products  manufactured 
from  ashes,  pay  all  operating  expeDses  and  fixed  charges.  The 
residuum  from  these  furnaces  is  a  valuable  asset.  The  clinker  is 
ground  up  and  made  into  mortar,  or  tiles,  paving  blocks  and  brick. 

There  is  another  item  on  the  credit  side  of  the  destructor,  that  is 
the  utilization  of  power  developed  by  the  combustion  of  municipal 
waste  for  use  in  electricity  works. 

There  are  about  160  places  in  Great  Britain  in  which  destructors 
are  used,  and  more  than  two- thirds  of  these  utilize  the  power  for 
various  purposes.  The  electric  force  developed  by  a  destructor  which 
burns  the  waste  product  of  a  city  is  equivalent  to  30  British  Board  of 
Trade  Units  per  ton  of  waste  destroyed.  If  it  be  assumed  that  each 
unit  is  equivalent  to  280  candle-power,  the  result  is  something  like 
8  400  or  8  500  candle-power  from  each  ton  of  waste. 
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The  chief  reason  why  advance  in  disposal  work  in  that  country  has  Mr.  Morse. 
been  so  rapid  and  efficient  is  the  fact  that  English  municipalities 
proceed  upon  a  different  plan  from  ours.  They  make  it  a  part  of  their 
municipal  work.  In  this  country  it  is  contract  work,  and,  conse- 
quently, there  is  not  the  same  opportunity  for  cities  to  develop  along 
the  lines  of  municipal  ownership  and  administration.  There  is  a 
strong  desire  on  the*  part  of  municipalities  to  adopt  these  improved 
methods,  but  they  are  held  back  by  the  fact  that  in  almost  every  case 
the  contract  takes  precedence,  and  the  contractor  is  desirous  only  of 
getting  through  with  his  contract,  and  the  same  results  are  not  accom- 
plished as  when  the  work  is  done  by  the  municipality. 

The  remarks  made  by  the  Commissioner  of  Street  Cleaning  and  by 
Mr.  Parsons  upon  the  work  in  New  York  City  are  pertinent  and  apropos 
of  the  question,  but  they  do  not  cover  the  country.  The  principles 
which  Dr.  Woodbury  is  carrying  out  were  instituted  by  Colonel 
Waring  five  or  six  years  ago,  and  the  experiments  made  at  that  time 
showed  conclusively  that  the  value  of  the  rubbish  of  New  York  City 
was  greater  by  far  than  anyone  had  supposed.  The  statement  made 
by  Colonel  Waring  in  one  of  his  last  reports,  that  the  value  of  the 
refuse,  garbage  and  ashes  of  New  York  City  would,  if  properly 
utilized,  pay  one-half  of  the  total  expense  of  cleaning  the  city,  has 
never  been  realized.  Yet  it  is  certainly  a  question  which  is  being 
answered  by  the  present  administration  in  a  very  satisfactory  way. 
The  Commissioner  has  alluded  to,  and  Mr.  Parsons  has  described,  an 
incinerator,  for  the  conversion  of  refuse,  at  West  Forty -seventh  Street. 

The  speaker  had  the  honor  of  presenting  this  question  to  the  Mayor 
of  Boston  four  and  a  half  years  ago,  proceeding  largely  upon  tbe  lines 
marked  out  by  Colonel  Waring,  and  at  that  time  it  was  believed  that 
the  utilization  of  the  refuse  would  become  a  feature  of  very  great 
importance  in  municipal  work.  Mayor  Quincy  looked  into  the  matter 
personally.  He  called  for  specifications  and  bids;  he  obtained  four  or 
five  bids  which  were  unsatisfactory,  and  rejected  them.  He  took  the 
plans  which  were  offered  for  the  construction  of  an  incinerator  in  Boston, 
and  caused  it  to  be  erected  by  a  private  company.  The  incinerator  is 
quite  different  in  pattern  from  the  one  described  by  Mr.  Parsons,  but 
for  four  years  it  has  been  burning  the  refuse  of  the  business  section 
and  a  large  part  of  the  residential  portion  of  the  city,  taking  the  waste 
from  about  200  000  people,  covering  about  95  miles  of  streets,  brought 
to  one  central  point.  The  waste  is  carried  into  a  room  and  dumped 
upon  a  moving  platform,  or  belt,  150  ft.  long,  and  during  its  passage 
the  refuse  is  picked  over  by  men  placed  on  each  side.  These  sorted 
portions  pass  into  bins  and  presses  below,  and  the  remainder  is 
discharged  automatically  into  a  destructor,  or  incinerator,  placed 
across  the  end  of  the  building.  The  quantity  of  waste  destroyed 
began  at  about  25  tons  per  day  for  the  first  year,  and  it  has  increased 


96  DI8CUSSI0N  ON  SANITARY  DISP08AL  OF  BBFUSB.    [Papers. 

Mr.  Morse,  until  now  about  40  tons  per  day  are  collected  and  disposed  of.  The 
product  which  is  picked  out  from  the  refuse  by  these  men  will  reach 
very  nearly  60%  of  the  whole  bulk.  It  is  divided  into  six  or  seven 
classes  of  paper,  five  kinds  of  rags,  rubber,  glass  and  iron.  Every- 
thing possible  is  sorted  out  and  saved,  and  the  residuum  destroyed 
are  the  small,  worthless  portions  of  paper,  excelsior  and  straw,  and  a 
small  amount  of  wood.  The  operation  is  conducted  precisely  as  it 
should  be  conducted  in  New  York  City,  in  a  closed  building,  the  city 
carts  discharging  their  loads  out  of  sight  of  passers-by,  no  nuisance  of 
any  sort  being  connected  with  the  work.  After  baling,  the  salable 
portions  are  at  once  conveyed  to  market,  and  the  power  produced  by 
the  combustion  of  the  worthless  portions  of  the  refuse  drives  a  60 
H.-P.  boiler  to  its  utmost  capacity,  which  in  turn  moves  all  the 
machinery,  lights  the  building  with  electric  light,  removes  the  ashes, 
heats  the  building  in  winter,  and,  thus  far,  has  furnished  a  surplus  of 
steam  power. 

The  operation  of  this  plant  for  four  years  shows  that  the  refuse 
of  a  city  of  the  size  of  Boston  is  more  valuable  than  almost  any  other 
part  of  the  municipal  waste,  and  that  every  city  with  a  population  of 
50000  or  upward  can  easily  turn  its  refuse  into  money  which  will  go 
a  long  way  toward  paying  the  expenses  of  the  whole  collection  service. 

Other  cities  are  considering  this  question,  with  the  idea  of  bringing 
into  use  a  system  similar  to  that  which  has  been  carried  on  in  Boston, 
and  which  has  just  now  been  reinaugurated  by  the  Commissioner  of 
Street  Cleaning  in  New  York  City,  and  which  will  undoubtedly  be 
a  factor  in  the  disposal  work  of  all  cities  in  the  country. 

The  average  quantity  of  refuse  collected  is  about  1  ton  per  day 
for  every  10  000  persons.  It  may  be  more  or  less  according  to  the 
different  character  of  the  city  and  the  population,  but  it  is  of  sufficient 
value  to  pay  for  the  installation  and  operation  of  a  plant  in  any  one  of 
the  larger  places  in  the  country. 

The  future  of  this  question  depends  upon  utilization.  American 
crematories  have  been  going  on  for  ten  years,  destroying  garbage  by 
using  coal.  The  builders,  up  to  this  time,  have  paid  no  attention  to 
refuse  and  its  salable  and  fuel  qualities.  They  have  allowed  the  heat 
produced  by  the  combustion  to  go  to  waste;  and  they  have  not  been 
over-desirous  of  guarding  against  sanitary  nuisance,  but  have  sought 
to  destroy  the  waste  in  the  shortest  possible  time,  without  consider- 
ing the  economical  points  involved. 

There  is  a  general  impression  that  a  change  must  be  made  before 
real  progress  can  be  had,  and  there  is  hope  that  the  engineering  pro- 
fession throughout  the  country  will  take  up  this  question,  as  has  been 
done  abroad,  and  bring  its  trained  experience  to  the  assistance  of  the 
municipalities,  solving  the  question  in  a  much  shorter  and  easier  way 
than  it  can  otherwise  be  done.     It  is  inevitable  that  this  will  coma 
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about.     The  men  who  are  trained  in  constructive  and  operative  work  Mr.  Morse. 

should  be  the  ones  to  decide  what  shall  be  done  in  this  line  by  every 

city. 

There  is  another  side  to  this  matter  which  is  pertinent  to  the  ques- 
tion under  discussion.  That  is  the  disposal  of  the  waste  of  large 
isolated  buildings,  like  public  institutions  of  every  class,  hotels, 
business  establishments  and  even  individual  dwellings.  The  quantity 
of  waste  produced  in  these  places  is  proportionately  larger  than  under 
other  conditions.  There  is  now  in  use  a  form  of  destructor,  installed 
usually  in  the  basement  of  the  building,  connected  with  the  boiler 
breeching,  or  the  chimney.  These  destructors  are  used  for  the  dis- 
position of  every  class  of  waste,  including  that  from  laboratories  and 
medical  colleges. 

The  latest  examples  of  these  furnaces  have  been  built  in  connection 
with  the  steam  boilers  of  large  business  establishments,  where  the 
heat  from  the  enormous  mass  of  waste  destroyed  is  used  as  auxiliary 
for  operating  the  boilers.  In  some  cases  the  destructor  is  also  pro- 
vided with  a  separate  steam  boiler  operated  by  the  furnace,  but 
supplied  with  its  own  fire  box,  the  power  from  which  is  utilized  for 
specific  purposes,  like  running  elevators,  or  in  connection  with  the 
low-pressure  steam  system  of  the  building. 

The  advantages  to  be  obtained  by  the  introduction  of  these  local 
destructors  are  the  disposition  of  the  waste  on  the  premises  in  a  per- 
fectly sanitary  manner  without  the  necessity  of  storing  and  handling 
the  same,  and  the  development  of  a  certain  amount  of  steam  power, 
resulting  in  the  saving  of  coal,  or  other  fuel,  and  to  some  extent 
-expense  in  steam  boiler  equipment.  These  destructors  are  also  being 
adopted  by  the  Government  for  use  in  Army  and  Navy  posts  and 
government  buildings  throughout  the  country. 

The  number  of  these  destructors  in  use,  already  quite  large,  is 
increasing  rapidly,  as  the  installations  are  made  under  the  direct 
inspection  and  by  the  advice  of  competent  architects  and  engineers 
engaged  in  the  construction  work. 

George  A.  Sopeb,  Assoc.  M.  Am.  Soc.  C.  E. — The  question  of  the  Mr.  Soper 
sanitary  disposition  of  municipal  wastes  is  often  divided  into  two 
parts:  Final  disposition,  and  collection. 

By  final  disposition  is  meant  the  utilization  or  simple  deposit  of 
wastes;  and  by  collection  is  meant  all  other  steps  in  the  operations  of 
a  street-cleaning  department.  It  is  not  uncommon,  in  discussions  on 
this  topic,  to  omit  that  part  of  the  subject  which  relates  to  collection; 
but,  as  the  two  questions  are  inseparably  related  in  practice,  it  seems 
desirable  that  they  should  be  treated  jointly. 

To  a  large  extent,  the  method  chosen  by  a  city  for  the  final  dispo- 
sition of  its  refuse  is  a  controlling  factor  in  the  organization  and  plant 
of  its  street-cleaning  department.  This  has  been  so  in  New  York 
City. 
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Mr.  Soper.  The  history  and  development  of  the  Department  of  Street  Cleaning 
in  New  York  City  affords  many  interesting  suggestions  as  to  the  rela- 
tions between  final  disposition  and  collection,  and  the  experience 
of  that  city  furnishes,  withal,  snch  an  instructive  illustration  of  the 
need  of  keeping  the  various  parts  of  the  machinery  of  the  street- 
cleaning  department  in  harmony  and  up  to  the  requirements  of  a  rap- 
idly growing  municipality,  that  some  extended  reference  to  it  may 
be  useful. 

The  organization  of  the  Street-Cleaning  Department,  as  a  separate 
branch  of  administration  in  New  York  City,  dates  from  the  year  1881, 
up  to  which  time  the  collection  and  disposal  of  wastes  was  carried  on 
under  the  direction  of  the  Department  of  Police.  The  new  organiza- 
tion was  the  outcome  of  much  agitation  on  the  part  of  the  public; 
physicians  and  political  reform  associations  taking  an  active  part  in 
the  crusade. 

For  ten  years  after  its  formation  the  Department  did  little  to  justify 
its  existence.  On  the  contrary,  it  became  such  an  object  of  dissatis- 
faction that,  in  1891,  it  was  determined  to  appoint  an  Advisory 
Commission  to  inquire  into  the  defects  of  the  organization  and  to  rec- 
ommend measures  of  improvement. 

The  Commission  was  named  by  Mayor  Hugh  J.  Grant,  and  consisted 
of  five  citizens,  among  whom  were  two  business  men,  a  lawyer,  a  san- 
itary expert  and  an  engineer,  the  last  being  a  member  of  this  Society. 
The  report  of  Mayor  Grant's  Commission  marked  an  epoch  in  the 
history  of  the  Street-Cleaning  Department  of  New  York  City.     It  i*, 
moreover,  so  remarkable  a  document,  from  the  clear  and  exact  way  in 
which  the  faults  and  needs  of  street-cleaning  departments  in  general 
are  defined,  that  a  summary  of  its  findings  is  here  given: 
In  the  first  place  it  was  declared  that  the  department  was  not  effi- 
ciently managed,  as  judged  by  standards  of  management  of  well- 
established  corporations  engaged  in  large  enterprises. 
One  source  of  difficulty  lay  in  the  methods  of  employing  labor.     The 
laborers  themselves  were  inefficient,  and  owed  their  positions  to 
political  influence. 
The  plant  of  the  Department  was  poorly  located. 
The  plant  was  insufficient. 

There  was  a  lack  of  proper  organization  and  disposition  of  forces. 
The  manner  of  disposing  of  refuse  was  not  satisfactory. 
The  law  under  which  the  Street-Cleaning  Department  was  conducted 
was  adequate,  provided  it  was  efficiently  administered   by  a 
Commissioner  who  had  the  cordial  co-operation  of  the  Mayor, 
Police  Justices,  Department  of  Health,  Commissioner  of  Pub- 
lic Works,  and  Board  of  Estimate  and  Apportionment. 
The  annual  appropriation  was  insufficient. 
The  police  should  help  to  keep  the  streets  clean. 
There  should  be  rules  for  the  employment  of  men. 
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It  was  observed  that  the  management  of  the  Street-Cleaning  Depart-  Mr.  Soper. 
ment  required  the  same  kind  of  ability  as  the  management  of 
a  transportation  company,  or  other  large  corporation  employ- 
ing a  considerable  number  of  men. 

The  report  of  Mayor  Grant's  Commission,  one  of  the  most  forcible 
and  lncid  papers  on  this  topic  which  the  speaker  has  ever  read,  is  the 
foundation  upon  which  the  present  organization  of  the  Street-Clean- 
ing Department  is  based.  The  practical  effect  which  the  report  had 
was  a  reorganization  of  the  Department  by  legislative  enactment 
in  1892. 

Unfortunately,  the  opportunities  thus  opened  for  developing  an 
efficient  system  of  street  cleaning  were  not  at  first  realized.  The  first 
thing  done  in  accordance  with  the  recommendations  was  to  increase 
the  appropriations.  Then  progress  ceased.  The  Department  prom- 
ised to  remain  as  it  had  always  been,  an  organization  in  which  political 
influence  was  carefully  and  continually  fostered. 

By  the  time  Mayor  Strong's  reform  administration  of  1895  came 
into  power  it  was  apparent  that  there  was  need  of  a  strong  head  to 
develop  the  possibilities  of  improvement  contemplated  in  the  legisla- 
tive act  of  reorganization.  It  is  now  a  subject  of  universal  satisfac- 
tion that  such  a  head  was  found  by  Mayor  Strong  when,  in  1895.  he 
appointed  the  late  Colonel  George  E.  Waring,  Jr. ,  Commissioner  of 
Street  Cleaning.  Whatever  may  be  said  of  Waring's  career,  as  an 
engineer  or  sanitary  reformer,  it  must  be  admitted  that  in  the  three 
years  during  which  he  held  office  as  Commissioner  of  Street  Cleaning 
he  made  comparatively  few  mistakes  and  reached  the  greatest  success, 
in  raising  the  standard  of  usefulness  of  his  Department,  that  New  York 
City  has  ever  known. 

At  the  same  time,  it  is  not  to  be  denied  that  circumstances  favored 
Waring.  '  A  large  part  of  his  success  was  achieved  on  lines  laid  down 
in  the  report  of  Mayor  Grant's  Commission  of  1891.  Waring  also  had 
the  advantage  of  a  report  of  a  Legislative  Committee  of  investigation 
and  advice  appointed  by  Mayor  Gilroy  in  1894.  The  report  of  Mayor 
Gilroy's  Committee,  dated  November,  1894,  recommends  that: 

First — Dumping  city  refuse  in  the  harbor  or  its  tributary  waters 
should  be  absolutely  prohibited. 

Second. — The  ordinances  requiring  householders  to  keep  separate  the 
garbage,  or  kitchen  refuse,  from  ashes  and  other  house  refuse 
should  be  rigidly  enforced. 

Third. — All  house  refuse  should  be  collected  in  galvanized  iron  ves- 
sels with  tight-fitting  metal  covers,  of  such  size  that,  when  full, 
they  can  be  handled  by  one  man. 

Fourth. — Daily  collections  of  garbage  should  be  made  by  the  City  and 
delivered  at  dumping  wharves  into  temporary  storage,  or  self- 
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Mr.  Soper.  propelled  boats  of  some  approved  type  to  be  furnished  by  the 

party  having  the  contract  with  the  City  for  the  final  disposi- 
tion of  the  garbage. 
Fifth. — The  garbage  should  be  disposed  of  by  a  reduction  process  pro- 
ducing fertilizer  and  commercial  grease;  and  the  City  should 
invite  competition  by  the  various  companies  controlling  such 
systems,  in  order  that  the  greatest  benefit  to  the  City  may 
result. 
Sixth. — A  separate  collection  should  be  made  of  the  remainder  of  the 
refuse  of  the  City  "  not  otherwise  provided  for,"  which  should 
be  used  for  filling  Biker's  Island,  or  elsewhere;  and,  for  trans- 
portation of  this  material,  a  sufficient  number  of  self-propelled 
boats  of  approved  type  should  be  constructed  and  owned  by  the 
City.  It  should  be  provided,  however,  that  whenever  the  whole, 
or  any  considerable  portion,  of  the  street  sweepings  can  be  dis- 
posed of  by  contract  or  sale  for  fertilizing  purposes,  at  a  price 
greater  to  the  City  than  the  value  for  filling,  then  such  disposi- 
tion should  undoubtedly  be  made  of  them. 
A  careful  reading  of  the  foregoing  recommendations  will  reveal  on 
the  one  hand  some  excellent  advice  and  on  the  other  some  stipulations 
which  had  the  effect  of  committing  the  City  to  a  particular  process  of 
garbage  destruction  and  the  plan  of  disposing  of  garbage  by  contract 
with  a  private  company. 

Some  prominent  reforms  introduced  by  Waring  were :  Improved 
methods  of  administration;  insistence  that  the  laws  and  ordinances 
relating  to  cleanliness  and  order  in  the  streets  be  enforced;  and  im- 
provements in  methods  of  collecting  and  disposing  of  the  wastes.  A 
large  part  of  Waring's  success,  as  the  head  of  the  Street-Cleaning  De- 
partment, was  due  to  his  remarkable  power  of  instilling  a  spirit  of 
industry  among  his  men.  It  has  been  well  said  that  he  found  the  force 
of  sweepers  and  drivers  a  laughing-stock  and  left  them  a  body  of  hon- 
ored workmen. 

It  is  well  known  that,  after  reorganizing  his  working  force,  War- 
ing's ambition  was  to  devise  means  for  the  economical,  if  not  profit- 
able, final  disposition  of  the  City's  refuse.  Up  to  Waring's  time,  the 
ashes,  paper,  garbage,  and  other  refuse  of  the  city  had  been  collected 
and  carried  in  a  mixed  condition  to  points  along  the  water  front  where 
it  was  picked  over  by  Italians,  who  had  the  privilege  of  extracting 
bones,  bottles,  rags,  metals,  and  other  salable  matter.  This  privilege 
was  purchased  from  the  City  annually,  and  in  1894  amounted  to 
$140  000.  The  residue  left  over  after  the  picking  was  taken  by  scows 
and  dumped  at  sea  or  used  to  fill  in  low  lands  in  the  neighborhood  of 
the  City. 

Under  Waring,  the  City  wastes  were  separated,  as  is  the  custom 
to-day,  into  three  classes  before  collection ;  notably,  garbage,  ashes  and 
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paper.     Experimental  studies  were  made  of  the  value  of  these  differ-  Mr.  Soper. 
ent  kinds  of  refuse.    Garbage  was  also  collected  from  other  cities,  and 
the  value  of  its  grease  and  other  constituents  carefully  determined. 
According  to  estimates,  made  at  the  time  of  these  studies,  the  average 
quality  of  garbage  produced  in  New  York  City  was  worth  $2.47  per  ton. 

A  practical  plant  for  the  separation  of  the  utilizable  ingredients  of 
refuse,  other  than  garbage,  was  erected  and  operated  for  many  months. 
The  sale  of  the  bottles,  metals,  rags,  paper,  and  other  useful  materials, 
thus  collected  from  31  300  tons  of  refuse,  netted  the  City  $3  680.  A 
considerable  amount  of  useful  steam-power  was  also  generated  at  the 
same  time. 

It  is  a  lasting  source  of  regret  that  Waring's  term  of  office  was  too 
short  to  enable  him  to  complete  the  development  of  a  plant  whereby 
all  of  the  wastes  of  the  City  could  be  disposed  of  profitably,  or  at 
least  inoffensively.  Just  as  his  investigations  were  pointing  to  positive 
and  permanent  reforms  his  term  ceased. 

At  the  end  of  Waring's  administration  the  efficiency  of  the  Depart- 
ment immediately  fell.  The  Commissioners  who  followed  seem  not 
to  have  been  suited  by  talents  or  experience  to  conduct  the  Depart- 
ment on  the  plane  of  efficiency  which  Waring  had  initiated.  Negli- 
gence, extravagance— some  have  said,  corrupt  practices — crept  into 
the  affairs  of  the  Department.  A  single  illustration  will  suffice  to 
oonvey  the  speaker's  meaning.  The  following  extract  is  taken  from 
page  24  of  the  Annual  Report  of  the  Department  of  Street  Cleaning 
for  1900: 

44  In  September,  the  New  York  Sanitary  Utilization  Company  com- 
plained that  it  was  not  receiving  all  the  garbage  to  which  it  was  en- 
titled by  the  terms  of  its  contract  with  the  City,  on  account  of  faulty 
separation,  and  claimed  that  the  scow-trimming  contractor  was  culling 
bones  and  grease  for  sale  to  which  they,  the  New  York  S.  U.  Co. ,  were 
entitled,  and  to  which  the  scow-trimming  contractor,  by  the  terms  of 
his  contract  with  the  City,  expresslv  denied  any  claim  or  right.  The 
matter  was  finally  compromised  by  the  Department  paying  to  the  scow- 
f;  trimming  contractor  sixty  cents  per  barrel  for  bones  and  one  and  three- 

quarters  cents  per  pound  for  grease  collected  from  the  ashes,  which 
•'  was  turned  over  to  the  Sanitary  Company.    This  arrangement  resulted 

te  in  a  continual  increase  week  by  week  in  the  quantity  of  this  material 

|v  collected  from  the  ashes  and  street  sweepings,  so  that  for  the  last  week 

in  December  the  Department's  pav merits  to  the  scow-trimming  con- 
tractor amounted  to  $2  127. 41. " 


if 
it* 


The  charter  of  Greater  New  York,  which  went  into  effect  in  1898, 
added  much  to  the  responsibility  of  the  Street-Cleaning  Commis- 
sioner, and  complicated  the  unsolved  problems  of  his  imperfectly  de- 
veloped department.  The  plant  of  the  Department  should  have  been 
increased  and  the  organization  properly  expanded  to  meet  the  require- 
ments of  the  Greater  City,  but  it  is  clear  that  no  such  logical  develop- 


j.,  ment  was  contemplated. 
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Mr.  Soper.  The  unsatisfactory  condition  of  the  streets  of  New  York  City  at 
the  beginning  of  the  present  administration  is  well  known.  Many 
of  the  innovations  and  improvements  introduced  under  Waring  were 
discontinued  and  forgotten.  Much  of  the  plant  was  out  of  order 
and  some  of  it  out  of  service.  Two  self-propelled  refuse' barges 
were  laid  up,  apparently  for  no  other  reason  than  that  they  were  too 
economical.  Horses  were  out  of  condition,  overworked,  poorly  cared 
for.  The  dumps  and  docks  were  in  a  disgracefully  insanitary  condi- 
tion. The  force  of  laborers  was  demoralized.  The  streets  were 
filthy.  The  rules  of  the  Department,  and  especially  the  City  ordi- 
nances, were  shamefully  neglected.  The  policy  of  entering  into  con- 
tracts with  private  parties  had  been  extended.  The  method  of  letting 
contracts  was  open  to  severest  criticism.  A  contract  for  the  dis- 
posal of  the  garbage  of  Manhattan  had  to  be  let  at  an  exorbitant  fig- 
ure because  bids  were  not  called  for  until  too  late  to  secure  profitable 
competition. 

Were  it  not  that  commerce,  convenience  and  health  demand  that 
the  collection  and  disposal  of  the  City  wastes  be  carried  on  in  an 
efficient  manner,  the  great  cost  of  the  Department  of  Street  Cleaning 
would  furnish  a  sufficient  reason  why  its  work  should  be  well  done. 

The  City  Budget  for  1903  calls  for  an  expenditure  of  nearly 
$5  400  000  to  pay  the  running  expenses  of  the  Department  of  Street 
Cleaning.  No  other  Department  of  the  City  Government,  except  the 
Departments  of  Police  and  Education,  spend  so  much  money.  The 
annual  cost  of  the  Department  of  Street  Cleaning  exceeds  the  cost  of 
many  other  Departments  combined. 

It  may  be  profitable  to  consider  for  a  moment  the  chief  items  of  ex- 
pense, as  shown  by  the  Annual  Reports  of  the  Commissioners  of  Street 
Cleaning: 

First:  Sweeping. — By  this  is  meant  the  collection  of  dirt,  etc., 
from  the  pavement.  This  item,  in  the  year  1901,  for  Manhattan  and 
the  Bronx,  amounted  to  $1  402  056.82. 

Second:  Cartage. — This  includes  the  hauling  of  refuse  material, 
such  as  garbage,  ashes,  paper,  and  other  like  refuse.  Carting,  in 
1901,  in  Manhattan  and  the  Bronx,  amounted  to  $990  577.71. 

Third:  Final  Disposition. — This  means  the  reduction  of  garbage 
by  contract,  dumping  of  ashes  and  other  dry  refuse  to  fill  land,  and 
sea  dumping.  In  1901,  final  disposition,  for  Manhattan  and  the 
Bronx,  cost  $733  602.01. 

Fourth:  The  Removal  of  Snow  and  Ice  from  the  Streets  of  Heaviest 
Traffic— This  item,  in  1901,  is  said  to  have  been  about  $600  000. 

Fifth:  Administration. — Administration  cost  $223  456.62,  in  Man- 
hattan and  the  Bronx,  in  1901. 

Sixth:  Rents  and  Contingencies. — For  Manhattan  and  the  Bronx, 
this  item  amounted  to  $121  490.07  in  the  year  1901. 
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The  total  sum  represented  by  the  foregoing  items  is  84  071  183.23.  Mr.  Soper. 

From  the  reports  of  Mayor  Grant's  Commission,  and  the  Commis- 
sioner of  Street  Cleaning  for  1900,  the  expenses  appear  to  have 
increased  ont  of  all  proportion  to  the  quantities  of  refuse  removed. 
The  figures  are  as  follows: 

Year.  Appropriation.  Loads  of  Refuse. 

1882 $1  010  000 1 116  360 

1890 1  280  525 1  702  102 

1900 5  584  100 2  602  120 

But  the  cost  of  the  Street-Cleaning  Department,  as  shown  by  the 
official  reports,  does  not  represent  the  total  cost  to  the  citizens  for 
removing  and  disposing  of  the  City's  refuse.  Other  items  of  expense 
are  the  removal  of  dead  animals  from  the  streets,  the  removal  of  manure 
from  stables,  the  removal  of  market  refuse,  the  removal  of  cellar  dirt, 
And  the  sprinkling  of  streets. 

The  largest  extra  is  for  private  carting.  An  immense  number  of 
property  holders  employ  private  scavengers.  Hotels,  office  buildings, 
Apartment  houses,  restaurants,  manufacturing  establishments,  retail 
dry  goods  shops,  and  many  residences  are  compelled  to  remove  their 
wastes  at  their  own  expense.  Recently,  even  the  privilege  of  the 
CJity  dumps  has  been  denied  to  cartmen,  and  it  is  said  that  in  some 
oases  refuse  has  had  to  be  hauled  several  miles  and  carried  across 
ferries  for  disposal. 

The  total  expense  of  the  extra  scavenging  work  made  necessary  by 
the  inability  of  the  Street- Cleaning  Department  to  collect  and  dispose 
of  our  municipal  wastes  in  a  satisfactory  manner  is  very  large.  In 
1891  the  sum  paid  for  the  private  collection  of  refuse  was  estimated  to 
be  between  8150  000  and  $175  000.  It  is  now  very  much  larger.  The 
quantity  of  refuse  of  various  kinds  dumped  at  City  wharves  by  private 
carts  has  been  more  than  30%  of  the  total  quantity  collected  by  the 
Department  of  Street  Cleaning.  In  addition,  more  than  100  tons  of 
swill  per  day  are  carried  out  of  town  to  be  converted  into  soap,  or  fed 
to  cattle  and  swine. 

In  reply  to  a  request  from  the  Board  of  Aldermen,  for  a  specifica- 
tion or  draft  of  the  organization  necessary  to  handle  the  output  of 
refuse  of  the  large  office  buildings,  stores  and  places  of  business 
which  now  employ  private  scavengers,  the  Street- Cleaning  Commis- 
sioner said,  a  few  days  ago,  that  he  would  require  500  additional 
horses,  500  carts,  500  drivers,  50  hostlers,  three  stable  foremen,  three 
assistant  stable  foremen,  nine  stable  clerks,  twenty  stablemen,  proper 
stabling  for  the  horses,  and  spaces  for  the  carts,  together  with  such 
equipments  as  harness,  blankets,  buckets,  etc. ,  and  proper  water-front 
facilities  for  the  handling  of  this  material.  The  total  number  of  carts 
And  trucks  now  under  the  Commissioner,  in  Manhattan  and  the  Bronx, 
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Mr.  Soper.  744.  By  making  his  request  for  500  more  carts,  the  Commissioner 
tacitly  admitted  that  40^  of  the  work  of  removing  refuse  in  New 
York  is  now  done  by  means  outside  of  his  Department  and  beyond  his 
control. 

The  private  collection  of  refuse  is  objectionable,  from  every  point  of 
view.  It  leads  to  insanitary  practices,  and  is  an  item  of  expense  and 
annoyance  from  which  the  taxpayers  of  the  City  should  be  free.  The 
cost  of  private  collection  is  not  equitably  distributed,  but  is  often 
heaviest  upon  those  who  pay  the  largest  taxes.  But  there  is  no  use 
in  emphasizing  the  evils  and  extravagances  of  the  present  situation. 
If  the  force,  plant  and  organization  of  the  Department  of  Street 
Cleaning  were  adequate  to  the  needs  of  the  City  there  would  be  no 
excuse  for  them. 

If  the  foregoing  remarks  carry  any  clear  idea,  it  must  be  that  the 
work  of  collecting  and  disposing  of  the  wastes  of  the  metropolis  is 
badly  done.  Such  efficiency  as  exists  is  due  largely  to  the  energy  of 
the  present  Commissioner  and  the  effects  of  the  two  notable  epochs, 
in  the  history  of  the  Department,  to  which  reference  has  been  made. 
The  first  of  these  epochs  was  the  investigation,  report  and  reorganiza- 
tion due  to  Mayor  Grant's  Commission.  To  this  may  be  added  the 
investigation  and  the  improvements  ■  suggested  by  the  Committee  of 
Advice  appointed  by  Mayor  Gilroy.  The  second  epoch  was  marked 
by  the  tenure  of  office  of  Colonel  Waring. 

In  the  history  of  the  Department,  few,  if  any,  import-ant  reforms 
or  developments  have  been  made  which  were  not  the  result  of  seeking 
outside  investigation  and  advice.  Is  it  not  time  that  the  disposition 
of  the  City's  wastes  be  again  made  the  subject  of  an  exhaustive 
inquiry? 

At  the  present  moment  the  City  is  deplorably  dirty.  Business  men 
and  property  holders  are  complaining  that  their  refuse  is  not  re- 
moved, and  an  immense  sum  of  money  is  being  spent  for  the  collec- 
tion and  removal  of  wastes  which,  upon  theoretical  considerations, 
are  valuable.  The  Street-Cleaning  Department  is  struggling  under 
the  disadvantages  of  an  imcomplete  and  outgrown  equipment.  It  may 
seem  like  strong  language,  but  it  is  not  beyond  the  facts,  to  say  that 
the  system  of  cleaning  the  streets  of  the  metropolis,  if  followed  by  a 
private  corporation,  would  lead  to  bankruptcy. 

The  speaker  intends  no  unfriendly  criticism  of  Dr.  Woodbury,  our 
able  Street-Cleaning  Commissioner,  in  stating  that  the  length  of  his 
term  and  the  power  of  his  office  are  not  sufficient  to  enable  him  to 
correct,  single-handed,  the  mistakes  of  the  four  years  of  in al-ad minis- 
tration which  preceded  him,  and  place  the  Department  on  the  efficient 
footing  which  the  citizens  have  a  right  to  expect.  To  meet  the  changed 
conditions  due  to  the  recent  phenomenal  growth  of  New  York  City, 
the  Department  needs  to  be  developed,  expanded  and  made  as  efficient 
as  it  was  in  Waring's  time. 
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The  speaker  sees  only  one  way  by  which  these  ends  may  be  accom-  Mr.  Soper. 
plished,  and  that  is  through  the  work  of  a  Commission  of  Investigation 
and  Advice,  such  as  was  appointed  by  Mayor  Grant. 

In  the  speaker's  view,  the  most  important  specific  problem  press- 
ing for  solution  is:  How  shall  the  City's  wastes  be  finally  disposed 
of?  This  is  the  keystone  of  the  great  question  as  to  the  best  means 
of  organizing  and  equipping  the  Department  of  Street  Cleaning. 

Second. — Another  query  is:  Is  it  well  for  the  City  to  enter  into 
contracts  with  private  individuals  for  horses  and  carts  to  collect  the 
refuse,  for  barges  to  remove  it  to  a  distance  and  for  reduction  works 
to  dispose  of  it? 

Third. — One  more  question  is:  How  can  the  ordinances  relating  to 
the  careless  littering  of  streets  and  the  separation  of  refuse  be 
enforced? 

Fourth.—  Finally:  In  what  ways  and  to  what  extent  should  the 
plant  of  the  Department  be  increased? 

Without  desiring  to  amplify  this  last  interrogation  unduly,  or  to 
presume  to  possess  the  knowledge  required  to  answer  it,  the  speaker 
would  state  that  it  is  believed,  by  those  who  have  taken  an  intelligent 
interest  in  the  Department,  that  more  and  better  dumps  are  needed; 
more  and  better  scows  are  needed ;  more  and  better  carts  and  horses 
and  stables  and  stations  are  needed;  and  refuse  destructors  or  garbage 
crematories,  built  in  accordance  with  the  best  known  practices,  are 
needed.  In  addition,  very  possibly,  street-sweeping  machines  and 
snow-melting  machines  are  needed. 

It  should  not  be  an  open  question  whether  mechanical  devices 
cannot,  to  some  extent  at  least,  replace  the  hand  labor  which  is  now 
the  chief  item  of  expense  in  cleaning  the  streets. 

The  present  moment  is  propitious  for  an  investigation.  The  exist- 
ing administration  is  pledged  to  municipal  reforms,  and  has  executed 
or  planned  several  admirable  lines  of  improvement.  The  present 
Street-Cleaning  Commissioner  has  demonstrated,  by  a  year's  adminis- 
tration of  his  office,  that  he  has  the  capacity,  energy  and  determina- 
tion to  put  in  force  such  measures  of  relief  and  permanent  improve- 
ment as  may  be  placed  within  his  reach.  The  work  of  the  Commission 
which  the  speaker  suggests  would  greatly  facilitate  his  efforts  to 
bring  the  plant  and  organization  of  the  Department  to  a  high  state  of 
efficiency. 

It  is  a  pleasure  to  say  that  the  plan  of  appointing  a  Commission 
has  received  Dr.  Woodbury's  endorsement,  and  that  Dr.  Lederle, 
President  of  the  Board  of  Health,  has  given  it  his  approval. 

Theodore  Horton,  Assoc.  M.  Am.  Soc.  C.  E. — The  Trenton  garbage  Mr.  Hortoru 
plant  was  a  source  of  serious  trouble  during  last  summer  (at  a  time,  in 
general,  whqn  such  plants  give  evidence  of  any  defects  in  design  or 
management),  and  a  consulting  engineer  was  called  upon  to  investigate 
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Mr.  Horton.  and  make  a  report  to  the  City  in  regard  to  it.  He  was  asked,  first,  to 
determine  the  nature  and  extent  of  the  trouble,  and,  secondly,  to 
make  such  recommendations  as  might  be  needed  to  relieve  the  situa- 
tion. 

The  details  of  the  work,  in  a  great  measure,  devolved  upon  the 
speaker,  and  he  will  describe  briefly  what  occurred  during  his  visit. 

The  plant,  which,  unfortunately,  was  located  in  the  midst  of  a 
thickly  settled  district,  consisted  of  two  Davis  destructors  connected 
with  a  stack  120  ft.  high.  Each  furnace  consisted  of  a  combustion 
chamber;  a  drying  chamber,  below  which  was  located  an  evaporating 
pan;  secondary  fire  grates;  a  flue  of  somewhat  contracted  area  leading 
to  the  chimney;  and  a  set  of  screens  to  intercept  dust  particles. 

The  speaker  spent  the  first  day  in  familiarizing  himself  with  the 
construction  and  operation  of  the  plant,  and  in  getting  under  headway 
a  systematic  record  of  the  various  features  which  would  lead  to  a  solu- 
tion of  the  trouble.  These  consisted  of  a  record  of  weights  of  garbage 
consumed,  coal  burned,  and  ashes;  the  times  of  delivery  of  garbage, 
charging  of  furnaces,  firing,  cleaning  grates,  operating  dampers,  and 
such  other  observations  as  might  throw  light  upon  the  causes  of  the 
trouble. 

While  these  records  were  being  kept  by  the  various  employees  of 
the  plant,  other  observations,  of  a  special  nature,  were  carried  on  under 
the  speaker's  personal  supervision.  Thus,  he  made  several  analyses  of 
the  garbage,  which  in  this  particular  case  was  a  very  important 
element,  due  to  the  fact  that  it  was  that  known  as  kitchen  garbage,  or 
swill,  and  was  free  from  ashes.  At  that  season  of  the  year,  it  was 
practically  saturated.  These  analyses  were  simple,  and  consisted  of 
merely  assorting  samples,  of  about  J  ton  each,  into  various  parts  and 
weighing  them.  The  garbage  was  found  to  consist  of  84%  animal  and 
vegetable  matter,  12%  paper,  %6%  rags,  carpets,  etc.,  and  \% boxes, 
barrels  and  other  rubbish;  80%  of  the  whole  being  water. 

Other  observations  were  made  to  determine  the  extent  of  the 
trouble  arising  from  the  dust  particles  which,  emanating  from  the 
stack,  were  causes  of  much  annoyance  to  the  residents  of  the  neigh- 
borhood, and  of  alleged  fires  in  the  immediate  vicinity  of  the  cre- 
matory. 

The  observations  made  during  the  daytime  were  simple  in  nature, 
but  served  at  least  to  give  a  tangible  idea  of  the  actual  conditions. 
They  consisted  of  observing,  at  various  distances  from  the  crematory, 
and  in  the  line  of  smoke  from  the  stack,  the  number  of  particles  pas- 
sing a  vertical  plane  in  a  given  time.  The  distances  selected  were  J, 
i  and  £  mile,  and  the  interval  of  time  15  minutes.  The  particles 
were  from  J  to  1  in.  equivalent  diameter,  and  of  course  were  plainly 
visible. 

In  order  to  present  this  source  of  trouble  in  a  still  different  light, 
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other  observations  were  made  by  selecting  places  in  the  open  fields,  Mr.  Rorton. 

at  various  distances  from  the  crematory,  and  counting  the  number  of 

particles  deposited  on  an  area  of  50  sq.  ft.     During  both  the  foregoing 

sets  of  observations,  which  covered  a  period  of  about  3  hours,  the  wind 

had  been  blowing  steadily  from  the  same  quarter,  so  that,  considered 

as  a  whole,  the  record  really  had  a  comparative  value,  notwithstanding 

its  approximate  nature. 

In  order  to  get  some  idea  of  the  danger  caused  by  these  dust 
particles  as  regards  the  alleged  fires  in  the  vicinity,  observations  were 
made  upon  the  glowing  embers  emitted  from  the  stack  at  night. 
Thus,  it  was  observed  that: 

First. — No  embers  were  seen  in  a  state  of  actual  flaming. 

Second. — Glowing  embers  were  emitted  principally  at  times  when 
the  furnace  doors  were  open  for  firing,  raking  or  cleaning. 

Third. — During  these  times  it  was  estimated  that,  on  an  average, 
50  to  100  sparks  were  emitted  per  minute.  Of  these,  it  was  estimated 
that  50%  did  not  travel,  in  a  glowing  state,  further  than  25  ft.  from 
the  top  of  the  stack;  90%  not  more  than  50  ft. ;  95%  not  more  than  75 
ft. ;  99%  not  more  than  100  ft.  and  an  occasional  spark  from  150  to 
200  ft. 

In  studying  the  question  of  internal  combustion  in  the  furnaces, 
other  observations  were  made,  to  supplement  the  general  record  kept 
by  the  employees.  These,  however,  were  mostly  of  a  superficial  nature 
and  hardly  admitted  of  any  refinement,  except,  perhaps,  a  determina- 
tion of  the  temperature  of  the  flue  gases,  and  even  this  was  somewhat 
approximate.  The  speaker  had  suspected  that  the  temperatures  were 
very  low,  and  at  first  had  tried  500°  mercurial  thermometers,  but,  after 
breaking  two  of  these,  and  not  being  able  to  obtain  a  pyrometer,  he 
resorted  to  the  somewhat  crude  method  of  exposing  in  the  flues  metals 
having  different  melting  points.  By  a  system  of  elimination,  these 
experiments  indicated  a  temperature  of  between  800  and  900°,  which 
was  sufficiently  close  for  the  desired  purpose. 

At  the  end  of  the  week's  run,  the  foregoing  records  were  tabulated 
and  studied,  and  the  following  is  a  summary  of  the  results: 

Results  op  Operation  op  Garbage  Crematory  at  Trenton,  N.  J.,  for 
the  Weex  op  August  4th-9th,  Inclusive,  1902. 

Total  garbage  burned 188.0  tons. 

Garbage  burned  per  day 31 .3     " 

Ooal  used  on  main  fires 10.7     " 

Coal  used  on  auxiliary  fires  (estimated) 3.0     " 

Total  coal  used 13 . 7     " 

Coal  used  per  day , 2.3     " 

Garbage  burned  per  ton  of  coal 13.8     " 

Approximate  average  time  of  burning  each  day 14. 0  hours. 
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Mr.  Horton.  Equivalent  number  of  days  of  24  hours 3.5  days. 

Equivalent  garbage  burned  per  square  foot  of  grate 

area,  per  day  of  24  hours 1 080  lbs. 

Equivalent  amount  of  garbage  burned  per  cell  of  25 

sq.  ft.,  per  day  of  24  hours 13.5  tons. 

Estimated  total  amount  of  clinkers  from  garbage  and 

coal  grates 14.0    " 

Estimated  amount  of  ashes  from  below  grates 3.0    " 

Estimated  total  amount  of  ashes  and  clinkers 17.0     " 

Percentage  of  ashes  and  clinkers  to  garbage  burned. .       $.1  per  cent. 

Range  of  temperature  of  flue  gases  in  stack 600°-l  000°  Fahr. 

Percentage  of  moisture  in  garbage 81 . 0  per  cent. 

Corresponding  water  evaporated  daily  in  furnaces. . . .     25.5  tons. 
Quantity  of  coal  required  per  day  to  evaporate  this 

water,  on  a  basis  of  10  lbs.  of  water  per  pound  of 

coal 2.5     " 

A  discussion  of  all  the  questions  involved  in  the  investigation  of 
this  plant  has  been  embodied  in  the  report  of  the  consulting  engineer, 
and  as  this  has  already  been  published  elsewhere  in  full,  the  speaker 
will  give  merely  a  brief  abstract  of  the  conclusions  reached  and  the 
recommendations  made  to  the  City,  as  follows: 

"  1. — Notwithstanding  the  existing  defects  and  the  criticisms  which 
it  has  been  necessary  to  make,  the  Trenton  furnaces  belong  to  the 
better  class  of  such  plants  in  our  country,  and  the  troubles  and  nui- 
sances with  which  you  are  now  contending,  are  also  more  or  less  com- 
mon elsewhere. 

* '  2.  — The  collection  in  well-constructed  metal  carts,  such  as  you 
have,  and  also  the  frequency  of  your  collections,  are  quite  satisfactory. 
It  may  be  suggested,  however,  that  provisions  for  thorough  cleaning 
of  the  carts  after  dumping  would  be  a  still  further  improvement. 

"3. — To  obviate  the  nuisances  of  dust  escaping  at  the  stack,  either 
from  well-burned  or  unburned  garbage,  it  is  necessary,  after  securing 
perfect  combustion,  to  introduce  a  dust-settling  chamber  of  proper 
size  between  the  furnaces  and  the  stack,  containing  baffles  and  properlv 
placed  inlets  and  outlets.  The  screens  now  in  the  chimney,  although 
useful  as  a  safeguard  against  accidental  emissions  of  light  but  large 
matter,  are  insufficient  to  retain  all  of  the  matter  now  escaping  from 
the  furnaces. 

"  4. — To  reduce  further  the  possibility  of  unburned  particles 
escaping  through  the  stack,  it  is  important  to  place  dampers  in  the 
flues  leading  from  each  furnace,  as  well  as  in  the  chimney,  so  as  to 
afford  control  of  the  drafts  at  all  points  where  and  when  it  is  needed. 

14  5. — The  garbage  now  delivered,  when  properly  drained  and  care- 
fully burned  in  a  well -designed  furnace,  is  readily  combustible,  and 
should  not  require  the  addition  of  as  much  coal  as  now  used;  and  at 
some  seasons,  except  to  start  fires,  and,  otherwise,  on  rare  occasions, 
perhaps  no  coal  may  be  required. 
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"  6. — We  find  that  the  furnaces  are  not  sufficient  in  size  to  effect  a  Mr.  Hortom 
complete  destruction  of  the  material  during  the  hours  of  the  day  when 
the  crematory  is  operated.  Continuous  firing  for  24  hours  can  relieve 
this  sufficiently.  To  this  end  it  would  be  necessary  to  store  the  mate- 
rial for  a  part  of  the  day,  and  this  could  not  be  objectionable  in  any 
way. 

"  7. — To  secure  a  complete  combustion  of  the  garbage,  more  econom- 
ically than  at  present,  the  design  of  the  furnaces  should  be  somewhat 
altered.  The  horizontal  grates  are  not  the  most  suitable  for  the  mate- 
rial, which  must  first  be  dried,  and  then  with  difficulty  pulled  from 
one  position  to  another  for  burning.  A  sloping  grate  for  burning,  and 
a  sloping  floor  for  the  drying  chamber,  from  which  the  material  can  be 
gradually  and  almost  automatically  moved  from  the  feed-hole  to  the 
hottest  portion  of  the  fire,  permit  of  a  better  utilization  of  the  heat, 
and  reduce  the  difficulties  of  stoking. 

"  These  recommendations,  supplemented  by  a  systematic  attention 
and  skillful  practice  on  the  part  of  the  Superintendent  and  his  sub- 
ordinates, would  enable  them  to  operate  the  crematory  so  that  nuisances 
from  odors  and  dust  would  cease. " 

EijHEB  W.  Fibth,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  use  of  Mr.  Firth, 
public  dumping  places  within  the  city  limits  is  an  important  phase  of 
refuse  disposal  as  applied  to  New  York  City.  In  the  Borough  of 
Brooklyn,  for  instance,  there  are  deposited  at  these  places,  not  only 
ashes,  but  the  dust  and  dirt  gathered  from  public  and  private  build- 
ings and  conveyances,  the  soiled  sawdust  from  wooden  cuspidors, 
street  sweepings,  and  much  garbage  and  other  refuse.  Much  of  this 
deposit  is  subsequently  blown  about  the  streets  in  the  vicinity,  and 
the  Health  Department  has  received  many  complaints  as  to  the  fright- 
ening of  horses,  and  other  unpleasant  experiences  resulting  from  flying 
papers,  etc.,  from  these  dumps. 

The  transportation  of  such  large,  material  suggests  a  greater  dis- 
tribution of  dust  and  dirt  through  the  air  in  these  localities,  and, 
possibly,  an  increased  morbidity  or  mortality  due  to  this  condition. 
Figuring  the  average  diphtherial  death-rate  in  Brooklyn,  by  wards,  from 
statistics  in  the  Health  Department  reports  for  1895  and  1896,  it  was 
observed  that  this  death-rate  was  higher  in  the  vicinity  of  the  public 
dumping  grounds  than  in  other  sections  of  the  city.  The  writer  hesi- 
tates to  mention  this  as  more  than  a  coincidence,  admitting  that  the 
relative  number  of  cases  of  sickness  would  be  a  better  basis  for  com- 
parison. Then,  also,  it  may  be  said  that  as  these  dumping  places  are 
generally  located  in  the  poorer  sections  of  the  city,  scanty  or  inefficient 
medical  service  would  increase  the  number  of  fatal  cases  in  these  local- 
ities; but  against  this  argument  may  be  placed  municipal  supervision, 
quarantine  and  the  free  distribution  of  anti-toxine. 

It  should  be  noted  that  in  diphtheria  the  seat  of  infection  is  in  the 
respiratory  passages.  The  bacillus  recognized  as  its  cause  withstands 
prolonged  drying,  and  may  be  carried  through  air  in  a  virulent  con- 
dition.    While  it  is  not  claimed  that  this  specific  disease  is  transmitted 


110  DISC U88 ION  ON  SANITARY  DI3P03AL  OF  REFUSE.    [Papers. 

Mr.  Firth,  directly  by  the  dust  blown  about,  from  these  deposits  of  refuse,  yet  & 
predisposition  to  it  may  result  from  constantly  inhaling  such  impure 
air. 

Even  if  the  deposition  of  such  refuse  is  not  proved  to  be  account- 
able directly  for  much  of  the  suffering  in  these  places,  it  at  least  main- 
tains an  unsanitary  condition  in  the  very  communities  where  the  death- 
rate  is  highest  and  in  the  midst  of  classes  least  capable  of  avoiding 
infection  or  of  curing  disease. 
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t  E.  Bursusm  Thomson,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Two  Mr.  Thomson, 
photographs  of  the  groynes  mentioned  in  the  writer's  previous  discus- 
sion} are  shown  in  Plate  XIII.  Fig.  1  was  taken  on  June  27th,  1902, 
when  the  first  tier  of  planks  and  some  few  of  the  second  tier  had  been 
set  in  place.  These  show  the  irregularities  of  the  beach,  as  well  as  the 
dark  patches  of  marsh  mud.  Fig.  2  was  taken  on  December  20th,  1902, 
shortly  after  the  third  tier,  and  in  some  parts  the  fourth  tier,  had  been 
placed.  The  improvement  in  the  slope  and  the  disappearance  of  the 
mud  patches,  as  well  as  the  general  rise  in  elevation,  are  indicated 
clearly  in  these  views. 

Beyond  the  region  of  action  of  the  groynes  the  mud  flats  still  exist. 
It  is  to  be  noted  that  the  first  four  posts  from  the  face  of  the  timber 
dam  are  not  brought  into  use,  the  groynes  commencing  at  the  fifth 
post. 

*  Continued  from  November,  1902,  Proceedings.  See  August,  1902,  Proceedings,  for 
paper  on  this  subject  by  R.  G.  A  Hanson- Winn,  M.  Inst.  C.  E.,  I. 

t  This  part  of  Mr.  Thomson's  discussion  was  contributed  subsequently  by  him. 
X  Proceedings,  Am.  Soc.  C.  £.,  November,  1902,  p.  810. 
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established,  so  that  the  momentum  can  be  calculated  with  considerable  Mr.  Purdon. 
accuracy.     On  a  new  road,  all  these  points  will  come  up  later,  and  if 
momentum  grades  were  established  on  a  new  road,  the  introduction  of 
a  water  tank  or  a  new  station,  or  some  other  reason,  might  destroy  all 
calculations. 

The  writer  does  not  consider  the  author's  diagrams  as  the  most 
convenient  for  the  purpose,  and  submits  herewith  two  diagrams,  Plate 
XIV,  such  as  he  uses.  These  take  no  account  of  the  speed  of  the 
train,  but  use  the  velocity  head,  which,  of  course,  is  interchangeable 
with  the  speed.  These  particular  diagrams  are  calculated  for  a  train 
that  can  maintain  a  speed  of  12  miles  per  hour  on  a  rising  grade  of  0.5 
per  cent.  The  accelerating  grades  start  with  a  velocity  head  of  0.88, 
equal  to  5  miles  per  hour,  and,  after  a  stop  at  a  station,  the  distance 
required  to  gain  this  velocity  is  taken  as  the  starting  point  on  the 
accelerating  grade. 

The  upper  diagram  shows  the  retarding  grades,  and  stops  at  3.55, 
equal  to  a  speed  of  12  miles  per  hour,  so  that  by  taking  any  velocity 
head  required  by  the  upper  diagram  the  distance  on  any  adverse  grade 
which  would  be  run  by  a  train  before  the  speed  would  fall  to  12  miles 
per  hour  can  be  ascertained.  The  diagrams  are  calculated  in  substan- 
tially the  same  manner  as  those  by  Mr.  Dennis,*  but  in  making  the  cal- 
culations the  rating  diagram  of  the  Southern  Pacific  Railroad  was  used, 
which  gives  varying  train  resistance  on  account  of  speed  from  4.8 
lbs.  per  ton  at  ten  miles  per  hour  to  20J  lbs.  per  ton  at  i6  miles  per 
hour.  It  is  noticed  that  this  does  not  agree  with  Mr.  Dennis*  paper, 
as  he  states  that  the  train  resistance  is  nearly  the  same  for  speeds 
between  7  and  35  miles  per  hour.  At  stations,  of  course,  the  grade 
should  be  somewhat  lighter  for  a  short  distance  on  each  side,  to 
enable  a  train  with  a  maximum  load  to  start;  and,  in  ascertaining 
the  momentum,  it  should  be  calculated  as  if  the  train  stopped  at 
each  station. 

F.  H.  Hebblethwaite,  Assoc.  M.  Inst.  0.  E. — In  the  year  1900  the  air.  Hebble- 
speaker  was  engaged  at  the  Naval  Yard  Extension  Works,  in  Hong  w  tB' 
Kong,  in  laying  out  a  yard  for  the  manufacture  of  concrete  blocks. 
The  concrete  was  machine-mixed  at  one  end  of  the  yard,  run  down 
grade  on  trestles  in  cars  of  18-in.  gauge,  and  dumped  into  moulds, 
the  empty  cars  being  pushed  back  by  hand.  A  loaded  car  weighed 
4  0)0  lbs.,  the  empty  car  500  lbs. 

The  speaker  would  like  to  ask  the  author  how  he  would  determine 
the  grade  down  which  the  loaded  cars  could  be  pushed  with  exactly 
the  same  expenditure  of  power  as  would  be  requisite  to  push  the 
empty  cars  up;  in  fine,  the  grade  to  be  laid  out  so  that  a  man  could 
as  easily  push  an  empty  car  up  as  a  loaded  car  down.  There  must 
be  such  a  grade.     How  can  it  be  determined  ? 

*  In  a  paper  published  in  Engineering  News,  November  23d,  1900. 
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Mr.  Raymond.  William  G.  Raymond,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer 
supposes  that  the  late  A.  M.  Wellington,  M.  Am.  Soc.  C.  E.,  was  the 
first  railroad  engineer  to  discuss  at  all  adequately  the  problem  of 
momentum  or  velocity  grades,  and,  for  a  number  of  years  after  the 
appearance  of  his  discussion,  comparatively  little  attention  was  paid 
to  the  subject;  but,  for  the  past  five  or  ten  years,  railroad  engineers 
ail  over  the  country  have  been  somewhat  carefully  studying  and 
experimenting  with  such  grades,  and  there  have  appeared  in  print,  in 
the  technical  press  and  society  proceedings,  a  very  considerable 
number  of  discussions,  both  purely  theoretical  and  as  the  result  of 
extended  experiments. 

But  while  we  engineers  are  figuring  theoretically  the  gains  to  be 
secured  by  the  consideration  of  momentum  or  velocity  grades,  and 
while  the  western  roads  have,  in  many  instances,  laid  out  such  grades 
and  operated  them  with  apparent  success  and  economy,  we  are  met 
by  the  manager  of  the  busy  eastern  road  with  the  statement  that  on 
his  road  he  does  not  dare  to  start  out  a  train  the  engine  of  which  is 
loaded  with  a  load  greater  than  that  with  which  it  can  start  from  a 
state  of  rest  on  the  steepest  de  facto  grade  over  which  it  is  to  pass. 

The  writer  himself,  from  time  to  time,  has  taken  part  in  discussions 
of  momentum  grades,  and  has  devised  formulas  for  the  lengths  of 
such  grades  for  given  locomotives  and  resistances,  and  has  discussed 
at  some  length  the  most  economic  speed  of  freight  trains  and  the 
principles  which  should  govern  in  the  design  of  locomotives  for  opera- 
tion on  divisions  of  varying  characteristics;  and  while  he  thoroughly 
believes  that  considerable  economy  may  result  from  a  consideration  of 
momentum  or  velocity  grades,  in  the  cost  of  original  construction,  in 
the  revision  of  gradients  on  existing  roads,  and  in  the  designs  of 
motive  power  and  its  operation;  nevertheless,  he  can  well  understand 
that  on  a  busy  road  the  cost  of  a  single  unexpected  stop,  due  to  too 
close  figuring  on  the  possibility  of  momentum  grades,  may  equal  or 
exceed  the  gain  resulting  from  such  considerations  for  a  considerable 
period  of  time  during  which  there  is  no  such  accidental  stop. 

The  writer  believes  that  the  subject  is  one  of  considerable  im- 
portance because  of  the  possible  economies  involved,  and  thinks 
that  a  fairly  complete  knowledge  of  the  prevailing  practice  in  this, 
matter  would  be  of  very  considerable  value  and  interest,  and,  there- 
fore, he  suggests  the  advisability  of  securing  the  opinions  of  operat- 
ing managers  on  this  subject,  and  a  statement  of  any  experiences  that 
such  managers  may  have  had  in  the  consideration  of  momentum  or 
velocity  grades.  He  thinks  that  it  might  be  wise  to  invite  formally 
suoh  expressions  from  officers  responsible  for  the  operation  of  both 
eastern  and  western  railroads.  These  officers  may  include  chiefs  of 
motive  power,  general  superintendents,  general  managers  and  chief 
engineers,  according  to  the  duties  and  responsibilities  assigned  to 
these  different  officers  on  the  different  roads. 
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A.  C.  Dennis,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer  fully  Mr.  Denni* 
agrees  with  the  conclusions  in  the  first  part  of  Mr.  Fulton's  discussion 
on  virtual  grades,  and  was  equally  skeptical  in  regard  to  the  approxi- 
mate constancy  of  train  resistance  until  convinced  by  a  long  series  of 
experiments.  He  knows  from  experiment  that  a  train  of  about  2  100 
tons,  with  20%  empties,  picked  up  speed  from  29.5  to  30  miles  per  hour, 
with  the  locomotive  shut  off,  in  running  2.5  miles  on  a  0.26% grade.  The 
writer  suspects  that  a  long  train  of  all  loads  would  exceed  40  miles 
per  hour  on  a  0.3%  grade  with  the  locomotive  shut  off,  provided  the 
train  had  been  running  at  high  speed,  but  lacks  sufficient  information 
regarding  resistances  at  such  speed  to  be  able  to  state  definitely.  A 
train  of  all  empties  will  lose  speed  in  coasting,  even  on  a  0.4%  grade, 
whatever  the  speed  when  starting  to  coast.  It  is  impracticable  to 
compare  the  resistance  of  two  trains  without  knowing  the  proportion 
of  tare  weight,  or  reducing  all  actual  tonnage  to  rating  tonnage. 

The  **  boiler  momentum,"  to  which  Mr.  Randolph  refers,  will  prob- 
ably explain  the  difference  between  Mr.  Fulton's  speed  and  distance 
diagram  and  that  of  the  writer. 

The  writer's  locomotive  tractive  power  curve  for  high  speeds  is 
much  above  the  capacity  of  the  locomotive  to  produce  indefinitely,  but 
not  above  that  produced  temporarily  in  making  runs  at  grades.  The 
available  stored  energy  is  roughly  equivalent  to  2  lbs.  per  ton  of  train 
or  to  0.1%  of  grade. 

If  Mr.  Fulton  did  not  consider  the  extra  temporary  boiler  power, 
but  calculated  his  locomotive  power  as  strictly  limited  by  the  steam- 
generating  capacity,  his  diagram  should  show  the  same  results,  for 
any  rate  of  grade,  as  the  writer's  does  for  the  next  tenth  higher. 
Comparing  Mr.  Fulton's  diagram  with  the  next  tenth  higher  corre- 
sponding grade  on  the  writer's  diagram  shows  a  very  gratifying  corre- 
spondence until  a  mile  is  covered,  or  low  speed  reached,  where  the  two 
diagrams  are  practically  the  same,  as  the  boiler  momentum  has  then 
ceased  to  influence  the  writer's  diagram.  As  before  noted,  after  pass- 
ing the  first  mile,  on  a  grade  where  the  locomotive  is  worked  hard  at  a 
speed  exceeding  ten  miles  per  hour,  the  grade  line  on  the  writer's 
diagram  does  not  hold,  but  the  true  results  are  approximated  by  fol- 
lowing from  this  point  parallel  to  the  curve  of  the  next  tenth  lower 
grade  rate.  The  boiler  momentum,  though  not  capable  of  being  cal- 
culated exactly,  should  be  considered,  and  has  been  rather  under- 
valued by  the  writer,  as  trains  require  more  speed  and  hold  it  better 
when  running  for  momentum  grade  than  is  indicated  by  the  writer's 
diagram,  except  for  long  hills,  where  the  diagram  falls  short,  as 
noted. 

The  problem  of  momentum  grades  contains  so  many  personal, 
mechanical,  and  other  variables,  that  an  approximate  solution  only  is 
possible.    A  close  approximation  only  is  necessary,  as  trains  are  not 
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Mr.  Dennis,  loaded  ordinarily  to  the  last  ton  possible,  because  they  cannot  make 
the  required  time;  so  a  little  too  much  momentum  grade  introduced 
will  not  cause  stalling,  and  if  not  as  much  as  was  possible  were  used, 
some  returns  are  obtained,  for  the  extra  construction  expense,  in  the 
running  time  saved. 

The  custom,  on  eastern  railways,  of  sticking  to  an  assumed  maxi- 
mum grade  rate,  regardless  of  cost,  stations  or  speed  possibilities, 
gives  a  line  of  higher  first  cost  and  generally  of  a  lower  operating 
value,  because  of  the  high  ruling  grade  at  stations.  Momentum 
grades,  based  on  the  assumption  that  the  locomotive  exerts  the  same 
tractive  power  at  all  speeds,  will  lead  to  serious  error.  Somewhere 
between  these  extremes  is  the  proper  use  of  momentum,  where  the 
greatest  liberty  is  taken  with  the  grade  rate  to  make  it  fit  the  ground, 
limited  only  by  the  ability  to  join  with  proper  vertical  curves  and 
the  capacity  of  the  locomotive  plus  momentum  to  make  the  required 
speed.  Engineers  who  look  on  the  percentage  of  rate  of  grade  as  the 
end  and  object  of  a  railway  have  mistaken  the  measure  for  the  thir  g 
itself.  A  grade  should  be  limited,  not  to  a  maximum  rate,  but  to  the 
locomotive  power,  and  the  momentum  then  made  to  fit  the  ground. 
The  mere  rate  of  grade  is  irrelevant  and  often  misleading. 
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J.  Francis  Lb  Baron,  M.  Am.  Soc.  0.  E.  (by  letter). — The  writer  Mr.  Le  Baron, 
did  not  expect  that  the  members  of  the  Canal  Commission  would  be 
swift  to  approve  any  change  of  route  of  the  canal  that  they  had  already 
located  after  such  careful  examinations,  but  he  recognizes  fully  the 
fact,  illustrated  so  clearly  by  Mr.  Noble,  that  the  Isthmus  is  a  country 
of  surprises,  and  he  felt  that  possibly  a  surprise  might  be  in  store  on 
the  south  side  of  the  San  Juan,  if  a  survey  should  be  made  there. 
Most  of  those  who  have  taken  part  in  the  discussion  have  fallen  into 
the  error  of  supposing  that  the  writer  advocated  this  route  as  a  finality, 
whereas  he  was  careful  to  state  in  the  paper  that  he  believed  the  facts 
warranted  a  careful  survey  and  examination,  and  that  is  as  far  as  he 
felt  warranted  in  going. 

In  replying  to  the  discussion,  the  writer  wishes  first  to  mention  the 
map,  Plate  XXXVIII.f  As  Mr.  Noble  surmised,  the  foundation  of  this 
map  is  the  one  published  in  the  report  of  the  Nicaragua  Canal  Com- 
mission, which  is  a  reproduction,  with  additions  and  corrections,  of 
the  map  published  in  the  Lull  Report  of  1872-73.  To  the  Commission's 
map  the  writer  has  added  the  topography  developed  by  the  special 
surveys  and  reconnoissances  of  the  Nicaragua  Canal  Commission  and 

*  Continued  from  December,  1902,  Proceeding*.    See  October,  1908,  Proceedings,  for 
paper  on  this  subject  by  J.  Francis  Le  Baron.  M.  Am.  Soc.  C.  E. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  October,  1908. 
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Mr.  Le  Baron,  the  Nicaragua  Canal  Board,  all  of  which  are  published  in  their 
respective  reports,  and,  consequently,  are  official.  There  is  no  other 
topography  on  the  map;  therefore,  if  "only  visible  to  the  eye  of 
faith,"  their  correction  is  due  from  Mr.  Noble  and  his  associates  and 
engineers. 

The  topography  at  the  mouth  of  the  Colorado  is  from  the  survey  of 
Mr.  P.  C.  F.  West,  Assistant,  United  States  Coast  Survey.  The  writer 
was  very  careful  to  make  use  of  only  actual  surveys  from  official  sources. 
In  relation  to  this  subject  it  may  be  stated  that  some  of  the  maps  of 
Nicaragua  and  Costa  Rica  show  a  cut-off,  from  the  Serapiqui  River 
direct  to  the  sea,  called  the  Sucio  River.  In  case  this  cut-off  exist*, 
the  whole  volume  of  the  Serapiqui,  as  well  as  that  of  the  Tiger  and 
Negro  Creeks,  could  probably  be  turned  through  it  and  discharged 
ten  or  a  dozen  miles  southeast  of  the  canal,  thus  greatly  simplifying 
matters.  The  writer  did  not  allude  to  this  in  the  paper,  because  the 
correctness  of  the  maps  had  not  been  confirmed  by  actual  survey,  to 
his  knowledge;  but  it  emphasizes  the  desirability  of  a  survey  and 
examination  on  the  southern  side  of  the  river. 

The  writer  admits  that  the  crossing  of  the  Serapiqui  is  one  of  the 
most  formidable  engineering  features  of  a  line  south  of  the  river,  but 
he  does  not  believe  it  to  be  beyond  the  pale  of  engineering  skill  at  the 
present  day,  in  view  of  the  experience  on  the  Manchester  Canal,  and 
others.  He  examined  the  river  for  some  distance  above  its  mouth,  and 
found  it  to  be  a  deep-flowing  stream,  between  steep  banks,  with  a  uni- 
form and  moderate  velocity,  carrying  a  dark -colored  water,  which 
shows  that  it  runs  through  or  drains  large  swamps,  and  is  entirely 
unlike  the  San  Carlos,  which  is  very  rapid  and  full  of  sandbars.  In 
fact,  the  Serapiqui,  in  the  lower  part  of  its  course,  flows  for  a  long 
distance  through  swamps  and  alluvial  plains,  whereas  the  San  Carlos 
issues  almost  directly  from  the  mountains.  The  upper  courses  of  the 
two  rivers  are  probably  much  alike.  In  its  ordinary  stages  the  Sera- 
piqui is  not  a  sand  bearer  in  the  lower  part  of  its  couise,  where  it 
joius  the  San  Juan.  This  is  shown  by  there  being  no  sand  bank  or 
bar  at  its  mouth.  The  sand  that  it  carries  in  its  upper  reaches  is  all 
deposited  before  reaching  the  San  Juan. 

The  canal  line  would  cross  the  Serapiqui  within  a  mile  of  the 
mouth,  and,  by  placing  a  movable  needle-dam  immediately  below  the 
crossing,  the  depth  and  velocity  could  be  regulated  at  the  time  of 
passage  of  every  vessel.  Vessels  would  lock  down  or  up  on  each  side, 
as  the  case  might  be,  which  would  be  governed  by  the  relative  eleva- 
tion of  the  water  in  the  canal  and  river.  At  all  events,  the  locks  would 
be  of  low  lift,  not  more  than  half  the  total  rise  of  the  river,  or,  say,  a 
lift  of  6  or  7  ft. ,  and  the  canal  would  be  taken  into  the  river,  not  the 
river  into  the  canal.  When  ships  were  passing,  the  needles  in  the 
dam  would  be  closed,  forming  a  slack- water  pool  of  small  extent.  When 
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the  ship  had  passed  and  the  needles  were  opened  the  water  would  Mr.  Le  Baron, 
quickly  return  to  its  former  level,  and  the  resulting  scour  would  pre- 
serve the  depth  of  the  crossing,  no  weirs  or  spillways  being  necessary. 
The  works  required  would  be  two  low-lift  locks  and  one  needle-dam, 
with  their  accompanying  guard  gates,  drift  fenders  and  guide  wings, 
the  total  cost  of  which  might  amount  to  S3  000  000,  which  would  be 
paid  for  by  10  to  20  years  of  dredging  at  Greytown  Harbor,  taking  the 
estimate  of  Mr.  Noble;  which  dredging  would  be  almost  entirely 
eliminated  by  using  the  Colorado  mouth.  In  other  words,  by  an  ex- 
penditure of  $3  000  000  for  crossing  the  Serapiqui,  and  by  locating  the 
harbor  at  the  Colorado  mouth  and  using  the  forces  of  Nature  to  scour 
out  the  harbor  channel,  there  would  be  effected  a  saving  of  from 
$100  000  to  $200  000,  yearly,  forever. 

The  writer  thinks  that  the  charts  are  at  variance  with  General 
Hains,  as  to  the  Harbor  at  Colorado.  This  is  a  matter  of  fact,  and  not 
opinion.  There  are  open  harbors,  and  there  are  closed  harbors.  As 
shown  in  the  paper,  according  to  the  surveys  of  the  United  States 
Coast  Survey,  a  harbor  of  large  extent  now  exists  there  for  light-draft 
vessels.  The  writer  has  used  it — crossing  the  bar  in  a  vessel  of  8  ft. 
draft.  This  harbor,  as  previously  stated,  consists  of  Agua  Dulce  La- 
goon, Simon  Lagoon  and  the  Colorado  River,  here  about  1  000  ft. 
wide.  At  present,  for  want  of  more  water  on  the  bar,  this  is  a  closed 
harbor  to  deep-draft  vessels;  but  there  is  no  reasonable  doubt  that  it- 
can  be  opened  by  two  jetties,  as  has  been  done  in  so  many  similar 
places,  and,  possibly,  by  a  single  reversed  jetty,  on  the  well-known 
plans  invented  by  a  member  of  the  Commission,  and  applied  success- 
fully elsewhere.  Once  opened,  the  current  of  the  river,  guided  and 
controlled,  will  preserve  an  open  channel.  Greytown  Harbor  will 
require  two  jetties,  and  so  will  the  Rio  Indio,  as  admitted  by  the  Canal 
Commission,  and  bo  will  any  harbor  on  this  coast,  Colorado  excepted. 
The  latter,  possibly,  can  be  built  with  only  one  jetty,  on  account  of  the 
strong  current  and  great  volume  of  the  river;  therefore  the  position  of 
Professor  Haupt  is  untenable,  viz.,  that  the  Colorado  presents  a  less 
favorable  condition  than  Greytown,  as  the  expenditure  for  jetties 
would  be  about  the  same  in  both  cases. 

When  making  his  studies  and  report  on  Greytown  Harbor,  for  the 
Canal  Company,  the  writer  was  very  much  surprised  to  find  that  the 
sand  movement  along  the  beach,  northwest  of  the  Greytown  bight,  was 
southeast,  or  directly  into  the  bight.  On  the  southeast  side  the  move- 
ment was  in  the  opposite  direction,  also  into  the  bight.  This  was  not 
a  temporary  drift,  but  prevailed  during  the  continuance  of  the  easterly 
winds.  The  writer's  headquarters  and  residence  were  on  the  beach, 
so  that  the  movement  was  a  matter  of  daily  observation.  On  account 
of  this  sand  movement  the  writer  planned  the  harbor  with  two  con- 
verging jetties,  placing  the  easterly  jetty  900  ft.  east  of  its  present 
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Mr.  Le  BaroD.  position.     It  was  afterward  moved  west  for  some  reason,  when  con- 
structed. 

The  Isthmian  Canal  Commission  in  its  report  admits*  the  possi- 
bility of  two  jetties  being  required  at  Greytown,  and  also  at  Rio  Indio, 
which  would  each  be  as  long,  if  not  longer,  than  those  required  at 
Colorado  bar,  and  with  the  additional  disadvantage  that  from  500  000 
to  1  000  000  cu.  yds.  of  sand  would  have  to  be  dredged  annually  to 
preserve  a  channel  at  Greytown,  whereas,  at  the  Colorado,  it  is  prob- 
able that,  with  the  channel  once  established,  no  dredging,  or  at  least 
only  a  nominal  quantity,  would  be  required,  for  the  reason  that  at  the 
former  place  the  current  is  weak  and  the  outflow  scanty,  whereas  at 
the  latter  there  is  a  normal  discharge  of  62  000  cu.  ft.  per  second,  and 
at  times  nearly  double  this  quantity,  and  a  strong  outflowing  current 
to  preserve  a  deep  entrance,  sufficient,  even  now,  to  maintain  a  channel 
depth  of  30  ft.  in  the  gorge,  as  is  shown  by  the  Coast  Survey  chart 
before  referred  to. 

The  problem  of  a  canal  harbor  on  the  eastern  end,  then,  seems  to 
resolve  itself  to  this:  A  harbor  can  be  built  at  Greytown,  in  the  loca- 
tion selected  by  the  Commission,  which  is  a  small  bight  in  the  coast 
-  line,  into  which  is  annually  being  poured  from  500  000  to  1  000  000  cu. 
yds.  of  sand,  as  estimated  by  Messrs.  Noble,  Haupt  and  the  late  Pro- 
fessor Mitchell.  This  sand  movement  at  this  locality  has  been  going 
on  for  long  geological  ages.  This  is  shown  unmistakably  by  the 
remarkable  series  of  lagoons,  some  half  dozen  in  number,  which  have 
formed  back  of  Greytown  at  regular  intervals,  beginning  with  Silico 
Lagoon  and  ending  with  Greytown  Lagoon.  The  last  two— Shep- 
hards  and  Greytown — have  been  formed  in  the  present  or  historic  age, 
the  latter  being  completed  in  1865,  and  the  former  about  200  years 
before,  according  to  tradition  in  the  locality,  which,  for  confirmation, 
points  to  the  remains  of  the  old  caraval  belonging  to  that  redoubtable 
pirate  Shepbard,  who,  in  the  days  of  the  freebooters,  made  this  lagoon 
his  rendezvous,  and  from  whom  it  was  named.  Here  he  retired  after 
his  forays,  and,  on  the  last  occasion,  a  storm  closed  the  outlet  and  the 
vessel  was  never  able  to  escape.  There  it  remains  to  this  day,  a  grim 
and  silent  warning  of  what  might  happen  in  the  year  of  grace  2100,  in 
case  our  dredges  should  break  down  or  the  groynes  fail  to  stop  the 
course  of  Nature. 

It  is  admitted  that  a  harbor  can  be  built  in  the  place  selected  at 
Greytown;  but,  is  it  wise  to  select  a  point  where  six  harbors  have  pre- 
viously been  built  and  filled  up?  Nothing  is  impossible  in  these  days 
of  engineering,  if  plenty  of  money  is  furnished.  It  is  admitted  that  it 
can  probably  be  kept  open  for  many  years  by  building  groynes  and  by 
constant  dredging,  but  the  groynes  must  be  extended  every  few  years, 
and  the  dredging  must  never  stop. 

*  Report  of  the  Isthmian  Canal  Commission,  p.  141. 
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The  open  book  of  Nature  shows  conclusively  that  here  the  lagoon-  Mr.  Le  Baron, 
building  process  is  still  going  on,  and  sand  is  being  brought  in  from 
the  north  and  the  south.  Year  after  year  the  sand  that  will  be  dredged 
from  the  harbor  will  accumulate  around  it ;  the  foreshore  will  keep 
on  increasing  and  building  out,  until  at  last  the  advancing  mole,  as 
was  the  case  with  the  last  harbor,  pushes  its  irresistible  way  across 
the  floor  of  the  ocean  and  closes  the  harbor,  and  another  lagoon  is 
formed,  as  has  been  formed  six  times  before.  The  delta  here  has  been 
for  ages  and  is  still  actively  building  out  into  the  sea.  When  Grey- 
town  Lagoon  was  formed,  this  sand  mole,  advancing  from  the  south- 
east up  the  coast,  crossed  the  harbor  in  48  ft.  of  water,  and  in  15 
years  completely  shut  up  the  once  fine  port.  By  building  a  harbor 
in  the  same  spot  we  are  inviting  the  same  disaster. 

On  the  other  hand,  we  have  the  mouth  of  the  Colorado  River,  a 
mighty  stream,  30  ft.  in  depth,  rolling  seaward  between  banks  1  000 
ft.  apart,  and  yearly  growing  larger  on  account  of  the  gradual 
diminution  of  volume  of  the  Grey  town  branch,  the  Lower  San  Juan. 
Once  inside  the  bar,  here  is  a  harbor  capable  of  accommodating  many 
vessels,  as  stated  in  the  paper.  If  this  is  not  a  harbor,  as  General 
Hains  claims,  then  the  Mississippi  River  from  Port  Eads  to  New 
Orleans  is  not  a  harbor.  True,  the  sea  breaks  on  the  bar,  as  Geneial 
Hains  observed;  but  on  what  bar  does  it  not  break  when  it  has  a 
long  reach  of  deep  blue  water  behind  it.  The  writer,  sitting  in  his 
office  on  the  beach  at  Grey  town,  has  seen  the  spray  thrown  20  ft. 
high,  day  after  day,  from  the  breakers  at  the  site  of  the  Commission's 
proposed  harbor.  Breakers  in  any  place  certainly  do  not  present 
very  stable  equilibrium  to  a  man  in  a  boat;  but  the  fact  of  their  exist- 
ence being  taken  to  militate  against  a  condition  of  stable  equilibrium 
of  the  coastal  plain,  as  General  Hains,  facetiously,  perhaps,  infers,  is 
certainly  a  new  postulate  in  hydrography. 

Professor  Haupt  concludes,  from  his  studies  of  Grey  town  Harbor, 
that  "  the  problem  of  restoring  it  is  quite  practicable  and  com- 
paratively inexpensive."  The  datum  on  which  this  opinion  is  based 
appears  to  be  the  fact  that  a  quantity  of  sand,  estimated  by  himself 
at  582  000  cu.  yds.,  and  by  the  late  Professor  Mitchell  at  730  000 
cu.  yds.,  and  which  Mr.  Noble  says  may  be  anywhere  from  500  000  to 
1  000  000  cu.  yds.,  is  annually  deposited  in  the  bight  where  it  is  pro- 
posed to  form  the  harbor;  that  the  advance  of  the  sand  mole  up  the 
coast  was  at  the  rate  of  291  ft.  per  annum,  and  that  from  29  to  31 
years,  only,  would  be  required  to  fill  or  close  it.  Moreover,  he 
characterizes  this  movement  as  "  due  to  the  constancy  of  the  pre- 
vailing forces  " — certainly  rather  unusual  recommendations  for  a 
harbor  site. 

It  is  true  that  Professor  Mitchell  (about  1869)  reported  that  the 
harbor  could  be  restored.     At  that  time  there  existed  a  good,  deep 
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Mr.  Le  Baron,  basin,  fully  30  ft.  deep,  and  more  in  some  places;  now,  the  basin  will 
not  average  18  ft.  deep,  and  is  not  more  than  half  the  area  it  was  then. 
At  that  time  the  harbor  was  worth  experimenting  with;  now,  it  is  not. 
It  is  not  claimed  that  it  cannot  be  restored  now,  but  it  is  submitted 
that  it  would  be  unwise  to  expend  any  money  on  it  when  there  exist 
other  locations  free  from  the  deteriorating  influences  that  prevail 
here.  It  is  sure  to  fill  up  at  the  first  opportunity,  no  matter  how  care- 
fully it  is  protected  by  groynes  or  pumped  out  by  dredges. 

The  Isthmian  Canal  Commission,  in  its  report  (page  162),  states 
that  "the  sand  movement  aloDg  the  coast  seems  to  be  at  the  maxi- 
mum at  Greytown."  It  would  be  interesting  to  know  by  what  line  of 
reasoning  it  arrived  at  a  favorable  decision  to  locate  a  harbor  at  a 
point  possessing  all  these  disadvantages,  and  no  apparent  advantage, 
except  that  in  its  opinion  it  has  "  advantages  as  a  working  harbor." 
The  writer  is  forced  to  agree  fully  with  the  Commission  in  the  latter 
view,  considering  the  amount  of  sand  it  estimates  must  be  removed 
yearly. 

The  region  included  between  the  Colorado  and  Greytown  is  a  delta, 
and  it  is  known  that  deltas  are  invariably  progressive,  but,  as  Pro- 
fessor Haupt  very  wisely  concludes,  the  movement  is  cyclic  in  char- 
acter in  portions  of  this  delta,  and  this  accounts  for  the  erosion  at 
present  in  the  vicinity  of  the  mouth  of  the  Rio  Tamo;  as  Mr.  Noble 
observes,  "  the  action  now  going  on  being  a  straightening  of  the  shore 
line." 

Professor  Haupt  quotes  the  writer  as  saying  that  "  the  conditions 
at  the  mouth  of  the  Colorado  present  a  nearly  stable  equilibrium," 
and  that  "the  whole  littoral,  from  the  highlands  at  the  mouth  of  the 
Colorado  to  the  present  canal  mouth,  is  in  a  condition  of  constant 
accretion,''  and  considers  these  statements  as  contradictory.  The 
writer  fails  to  see  any  contradiction  therein,  as  he  states  plainly 
that  the  accretions  commence  at  the  Colorado,  where  they  are  zero, 
and  extend  to  Greytown,  where  they  are  known  and  admitted  to  be 
immense. 

Now,  a  word  as  to  littoral  currents:  These  currents,  as  shown  on 
navigation  charts,  are  apt  to  be  misleading  to  the  engineer,  and  their 
value  to  him,  as  part  of  the  problem  of  harbor  or  bar  improvement, 
depends  upon  their  distance  from  shore.  Where  there  exists  a  strong 
littoral  current,  a  mile  or  two  off  shore,  running  in  a  certain  direction, 
there  is  almost  sure  to  be  a  surf  race  in  the  opposite  direction,  as  is 
the  case  on  the  Florida  east  coast,*  the  coast  of  Honduras  and  at 
other  places,  which  have  come  under  the  writer's  personal  observation. 
This  is  the  case  here.  These  contrary  currents  are  in  the  nature  of  an 
eddy,  and  partially  restore  the  equilibrium  of  the  water.  This 
accounts,  also,  for  the  current  running  in  the  face  of  the  trade  winds, 
which  puzzles  Mr.  Noble.  The  writer  has  often  observed  this  on  flat, 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xJiii,  p.  95. 
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-sandy  coasts.  It  is  only  in  this  way  that  the  equilibrium  of  the  sea  Mr.  Le  Baron, 
can  be  restored.  Wherever  the  sand  comes  from,  it  is  certain  that  at 
Grey  town  it  is  continually  traveling  northwest  into  the  bight  of  the 
coast  line.  This  movement  was  reported  by  the  English  engineers, 
Passamore  and  Climie,  who  made  a  survey  of  Grey  town  Harbor  for  the 
Nicaraguan  Government  in  1874,  and  whose  report  was  published  in 
Spanish  by  that  Government.  This  survey  was  made  to  devise  a  plan 
for  restoring  the  Harbor  of  Grey  town,  and  in  it  they  advocate  deepen- 
ing and  jettying  the  mouth  of  the  lower  San  Juan  River,  cutting  off  the 
flow  from  the  Harbor  of  Grey  town,  which  was  to  be  entered  from  the 
river  by  a  tide-lock,  they  arguing  that  the  increased  volume  and 
velocity  of  the  outflowing  current  would  form  a  "  breakwater  of  water  " 
(rompolas  de  agua),  which  would  arrest  this  sand  drift  and  thus  pre- 
serve an  open  entrance  for  the  harbor  to  the  westward.  Just  how 
this  would  be  accomplished  was  not  made  clear. 

In  regard  to  the  alignment  south  of  the  San  Juan,  Mr.  Noble  con- 
siders that  "it  is  not  likely  that  it  would  be  materially  better  than 
that  now  obtained  on  the  left  bank,"  and  states  that  "the  divide  is 
about  50  miles  distant."  Just  what  is  meant  by  the  "divide"  is  not 
quite  clear,  but  it  is  immaterial.  The  important  matter  is  the  width 
of  the  intervale  or  river  bottoms,  and  this  is  known  to  be  wider  on  the 
south  side. 

It  is  known  that  Colonel  Ghilds  supposed  that  the  high  hill  on  the 
south  side  of  the  San  Juan  and  east  of  the  mouth  of  the  Serapiqui  was 
a  spur  from  the  Costa  Rican  Mountains,  and  he  based  his  project  of 
canalization  of  the  San  Juan  River  on  this  supposition. 

Later  reconnoissances  proved  this  to  be  an  isolated  hill,  with  a 
large  and  unknown  extent  of  swamp  behind  it,  thus  making  it  impos- 
sible to  canalize  the  San  Juan  by  means  of  a  high  dam  at  this  point, 
as  proposed  by  Colonel  Childs.  Still  later,  it  was  hoped,  during  the 
several  surveys  made  by  the  Nicaragua  Canal  Company,  and  by  the 
United  States,  that  spurs  suitable  for  this  purpose  could  be  found 
opposite  San  Francisco  Island  or  Tamborcito  and  other  places,  and 
various  examinations  were  made  of  the  south  side  for  the  purpose  of 
discovering  such  spurs;  but  all  proved  futile.  These  various  surveys 
have  demonstrated  that  the  river  bottoms  on  the  south  side  extend 
many  miles  south  of  the  river,  being  dotted  with  only  occasional 
isolated  hills,  whereas  on  the  north  side,  as  first  stated,  the  mountain 
spurs  of  the  Cordilleras  come  abruptly  down  to  the  river  in  numerous 
places,  and  have  to  be  cut  through  by  any  line  on  that  side.  These 
facts  support  the  writer's  contention  that  on  the  south  side  a  very 
much  better  alignment  can  be  found  than  exists  on  the  north  side,  and 
the  engineer  is  justified  in  beiug  more  sanguine  of  finding  "captivat- 
ing tangents  "  when  all  the  facts  demonstrate  that  the  ground  for  them 
exists.  The  experience  of  large  ships  in  the  curves  of  the  Suez  Canal 
shows  conclusively  the  importance  of  these  "captivating  tangents," 
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Mr.  Le  Baron,  even  at  the  expense  of  more  costly  works  at  the  crossing  of  the 
Serapiqui.  The  writer  repeats,  enough  is  known  of  the  topography  of 
the  south  side  to  justify  the  belief  that  the  alignment  can  be  bettered 
nearly  75%  on  that  side;  and,  while  the  line,  as  laid  down  on  the 
writer's  map,  may  very  likely  have  to  be  shifted  in  places,  the  surveys 
already  made  show  that  no  material  change  need  be  expected  or  looked 
for,  as  this  line  is  laid  down  in  accordance  with  known  and  accurately 
delineated  topography. 

The  comparison  made  by  General  Hains  between  the  anchor  chains 
of  a  light-ship  and  the  net  chains  enclosing  the  rock- filled  dam  is  not 
appropriate.  The  anchor  chains  of  a  ship  are  continually  in  motion, 
being  dragged  about  on  the  ocean  floor  while  the  ship  is  tugging  and 
straining  at  her  anchor,  whereas  the  chains  enveloping  the  rock-filled 
dam  will  lie  almost  quiescent,  being  held  firmly  in  place  by  the  rough 
rocks  composing  the  dam  itself,  and,  in  turn,  holding  those  rocks. 
Whero  the  ship's  chain  is  continually  grinding  up  the  sand  between 
each  link  and  thus  always  abrading  every  wearing  surface,  the  net 
chains  will  lie  quietly  in  the  dam,  covered  by  the  rough  stones,  and 
only  exposed  to  the  abrading  action  of  such  sand  as  is  brought  against 
it  at  a  faw  exposed  points,  and  it  will  occur  to  anyone  that  this  chain 
net  can  be  carried  clear  across  the  dam,  during  the  process  of  con- 
struction, every  10,  20  or  30  ft.  in  height,  if  desired,  and  so  connected 
by  split  links,  up  and  down  and  right  and  left,  as  to  form  in  reality  a 
number  of  nets  all  connected  together,  so  that  if  it  should  be  worn 
away  at  one  place  it  will  be  held  in  another  a  few  feet  distant, 
perfectly  protected  by  the  enclosed  and  superincumbent  rock.  This 
also  answers  the  next  question  as  to  how  loose  stone  will  be  held  on 
the  down-stream  slope  during  a  great  flood.  In  other  words,  there 
will  not  be  a  single  net  or  bag,  but  a  series  of  nets,  one  above  the 
other,  and  all  linked  together.  Neither  will  it  be  necessary,  as  will 
occur  to  any  practical  engineer,  to  draw  the  chain  up  against  the 
stream,  but  it  can  be  drawn  down  with  the  current,  and  thus  spread 
over  the  rock. 

The  rusting  of  iron  or  steel  under  water  in  the  course  of  ages  is, 
of  course,  admitted,  but  in  fresh  water  this  is  a  comparatively  slow 
process.  If,  for  this  reason,  engineers  are  to  be  deterred  from  using 
it,  three-fourths  of  the  engineering  constructions  of  the  present  day, 
such  as  steel  caissons  for  bridges,  piers,  etc.,  must  be  condemned.  A 
little  reflection  will  show  that  when  these  cables  are  rusted  out,  a  new 
chain  net  can  very  easily  be  spread  over  the  dam,  which,  by  that  time, 
however,  will  have  become  consolidated  and  stable,  except  possibly 
on  the  crest. 

The  Conchuda  Dam  is  to  be  of  masonry,  and  General  Hains  says 
this  is  "  perfectly  safe  and  practicable."  This  cannot  be  said  truth- 
fully of  any  masonry  construction  in  an  earthquake  country.  As 
General  Hains  says,  somewhat  sarcastically,   "a  rock -fill  dam  is  the 
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only  dam  known  that  is  improved  by  earthquakes, "  and  quotes  the  Mr.  Le  Baron, 
writer  as  saying  that  "  an  earthquake  would  only  serve  to  consolidate 
it  and  fill  up  the  voids. "  The  writer  repeats  that  this  is  his  opinion, 
but  he  does  not  claim  credit  for  its  originality.  This  feature  of  a 
rook-fill  dam  at  Ochoa  was  advanced  as  a  favorable  one  by  the  consult- 
ing engineers  who  reported  on  it  several  years  ago.  To  trust  the  fate 
of  the  canal  to  a  masonry  dam,  anywhere  on  the  Isthmus,  would,  in  the 
writer's  opinion,  be  taking  chances  that  no  prudent  engineer  would 
care  to  take  if  they  could  possibly  be  avoided.  The  comparison  of 
the  wearing  effect  of  sand  in  the  bends  of  a  centrifugal  pump,  having  a 
velocity  of  15  to  20  ft  per  second  in  a  closed  tube,  with  that  of  a 
river  current  having  a  velocity  of  4  to  8  ft.  per  second  seems  rather 
far  fetched.  Such  terrible  abrasion  General  Hains  fears  would  wear 
away  the  crest  of  his  masonry  spillways  in  a  short  time.  The  amount 
of  sand  abrasion  of  a  wrought-iron  rod  set  in  a  smooth  ledge  close  to  a 
sand  beach,  in  salt  water,  at  the  mouth  of  a  tidal  river  where  the  tide- 
rip,  heavily  charged  with  sand,  swept  over  the  ledge  with  a  velocity 
of  2  to  8  ft.  per  second,  was  at  the  rate  of  1  in.  in  twenty  years,  as 
observed  by  the  writer.  In  fresh  water  it  would  be  less,  and  it  may  be 
safely  placed  at  1  in.  in  twenty-five  years. 

Asa  matter  of  fact,  because  a  rock-fill  dam  is  built  at  Ochoa,  it  does 
not  follow  that  it  must  be  built  as  a  weir.  The*  writer  believes,  as  he 
stated  in  the  paper,  that  a  dam  constructed  as  proposed  would  be  per- 
fectly safe  as  a  weir,  but  it  is  not  obligatory  to  build  it  as  a  weir.  The 
dam  can  be  built  there,  as  at  Conchudo,  above  the  highest  floods,  and 
all  the  discharge  of  the  river  taken  over  the  San  Carlos  spillways. 

The  location  of  a  rock-fill  dam  at  Ochoa  has  been  favorably  passed 
upon  by  two  Boards  of  Consulting  Engineers,  and,  with  some  modi- 
fications, accepted  by  the  United  States  Canal  Board,  the  first  con- 
sisting of  the  Canal  Company's  engineers,  Commander  A.  G.  Menocal, 
Civil  Engineer,  United  States  Navy,  Chief  Engineer;  Lieutenant  (now 
Commander)  R.  E.  Peary,  Civil  Engineer,  United  States  Navy,  Sub- 
Chief  Engineer;  the  late  E.  P.  Davis,  Assistant  Engineer,  and  the 
writer,  at  that  time  Principal  Assistant  Engineer.  At  that  time  more 
than  eight  months  had  been  spent  in  studying  the  conditions  on  the 
ground. 

The  second  Board  consisted  of  well-known  engineers,  of  high  stand- 
ing, not  connected  with  the  Canal  Company.  Of  this  Board,  the  late 
A.  M.  Wellington,  M.  Am.  Soc.  C.  E.,  was  Chairman. 

The  fact  that  a  rock  foundation  is  not  known  to  exist  in  the  San 
•Carlos  Bidge,  only  emphasizes  the  writer's  contention  that  the  south 
side  of  the  river  should  be  carefully  examined  and  the  line  surveyed 
before  construction  is  commenced,  in  order  to  compare  properly  the 
relative  merits  of  the  two  plans,  which  was  the  only  object  of  the 
paper;  the  facts,  as  the  writer  believes  and  so  stated,  warranting  a  sur- 
vey of  a  route  on  the  south  side. 
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HENRY  LAWRENCE  CLEVERDON,  Assoc.  M.  Am.  Soe.  C  E.* 


Died  August  27th,  1902. 


Henry  Lawrence  Cleverdon,  known  to  the  members  of  his  family 
and  to  his  most  intimate  friends  as  "  Lonnie,"  was  born  at  Washington, 
D.  C,  on  April  6th,  1869.  At  the  age  of  fifteen  his  parents  returned 
to  their  former  home,  Chagrin  Fails,  Ohio,  18  miles  southeast  of  Cleve- 
land, and  here  he  completed  his  common  school  education,  and  was 
graduated  from  the  high  school  in  1888. 

Being  naturally  an  energetic  boy,  with  an  extremely  practical  turn 
of  mind,  and  having  decided  early  upon  his  life's  work,  he  utilized  his 
vacations,  while  still  in  the  high  school,  as  best  he  could  to  advance 
himself  in  his  chosen  profession.  During  the  summer  of  1887  he  worked 
as  Chainman  for  Mr,.  J.  F.  Brown,  a  Cleveland  surveyor,  and  from 
April,  1888,  until  September,  1889,  as  Rodman  on  the  Lake  Shore  and 
Michigan  Southern  Railway.  While  engaged  on  the  latter  work  he 
came  to  realize  the  importance  and  value  of  a  better  education,  and 
resigned  to  enter  the  University  of  Michigan  as  a  student  in  the  Engi- 
neering Department. 

College  work  was  always  hard  work  with  him— the  means  to  an 
end — and,  although  he  mastered  his  various  studies  with  credit  to 
himself,  he  chafed  under  too  much  confinement  and  longed  lor  active 
outdoor  life. 

From  July,  1890,  to  January,  1891,  he  served  as  Instrumentman 
and  Resident  Engineer  on  the  construction  of  the  Akron  and  Chicago 
Junction  Railway  (Ohio),  now  the  Baltimore  and  Ohio  Railway,  and 
returned  to  college  as  soon  as  the  work  was  finished.  During  the 
construction  of  the  Wilkes  Barre  and  Eastern  Railway,  through  the 
mountains  of  Eastern  Pennsylvania,  Mr.  Cleverdon  was  employed  as 
Locating  or  Resident  Engineer,  from  the  beginning  to  the  completion 
of  the  work,  and  some  of  the  most  difficult  construction  was  under  his 
direct  charge.  He  expected  to  return  to  college  and  be  graduated 
with  his  class — the  class  of  '93 — but  one  job  after  another  came  and 
was  completed  in  such  rapid  succession  that  there  seemed  to  be  no 
time  for  anything  else,  and  at  last  he  gave  up  all  thoughts  of  trying 
to  return. 

He  served  as  Rodman  on  topographical  surveys  for  the  Short  Line 
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Improvement  Company  (Pennsylvania)  from  Jannary  to  June,  1894, 
and  from  August,  1894,  until  April,  1895,  was  Resident  Engineer,  in 
charge  of  construction  of  six  miles  of  the  Fort  Plain  and  Richfield 
Springs  Rail  way  (New  York) ;  but  when  the  latter  road  was  nearly  ready 
for  the  track  work  was  suspended,  and  Mr.  Cleverdon,  together  with 
the  other  members  of  the  engineering  corps,  was  defrauded  out  of 
several  months'  salary,  an  incident  that  made  him  much  wiser,  if  some- 
what poorer.  That  he  was  not  afraid  of  hard  work,  is  shown  by  his 
serving  first  as  laborer  and  then  as  Foreman  and  Superintendent  for 
a  water-works  contractor  at  Fort  Plain,  New  York,  during  the 
summer  of  1895.  During  the  autumn  and  winter  of  1895-6  he  was 
employed  as  an  engineer  on  street  railways  and  suburban  electric  lines 
in  and  near  Cleveland,  Ohio,  and  was  Engineer  in  charge  of  the  con- 
struction of  three  miles  of  a  brick -paved  highway  for  the  County  of 
Cuyahoga,  Ohio. 

From  September,  1896,  to  October,  1897,  Mr.  Cleverdon  was  Resi- 
dent Engineer  in  charge  of  construction  of  six  miles  of  the  Lorain  and 
Cleveland  Electric  Railway,  one  of  the  first  electric  roads  in  the  Middle 
States  to  be  constructed  in  accordance  with  the  best  steam-road  prac- 
tice. In  June,  1898,  he  was  Locating  Engineer  for  the  Rapid  Railroad, 
on  a  proposed  line  from  Detroit  to  the  St.  Clair  Flats,  Michigan;  and 
from  August  to  November,  1898,  Assistant  Engineer  on  the  Chicago 
and  West  Michigan  Railroad,  principally  in  charge  of  masonry  con- 
struction. 

He  began  work  as  Resident  Engineer  on  the  Cleveland  and  Eastern 
Railroad  in  January,  1899,  but  resigned  in  March,  1899,  and  in  April 
began  work  as  Division  Engineer  in  charge  of  construction  on  the 
Copper  Range  Railroad,  in  Northern  Michigan.  This  work  was  finished 
in  June,  1900,  and  he  at  once  accepted  the  position  of  Chief  Engineer 
of  the  St.  Johns  and  St.  Louis  Electric  Railroad,  Michigan,  under  the 
direction  of  the  Arnold  Electric  Power  Station  Company,  of  Chicago, 
and  remained  there  until  the  road  was  completed,  in  February,  1902. 

For  the  next  three  months  he  was  Resident  Engineer  on  the  Cleve- 
land Water- Works  Tunnel,  and  resigned  this  position  to  become 
Deputy  County  Surveyor  of  Cuyahoga  County,  Ohio,  in  charge  of  all 
bridges  in  that  county. 

On  June  16th,  1902,  he  was  married  to  Miss  Elsie  L.  Williams,  of 
Glenville,  Ohio,  and  they  at  once  began  housekeeping  in  their  new 
home,  on  the  shore  of  Lake  Erie,  about  14  miles  west  of  Cleveland.  It 
then  seemed  as  if  his  happiness  was  complete — a  home,  a  loving  wife, 
and  a  permanent  position  were  appreciated  all  the  more  after  fifteen 
years  of  the  most  active  kind  of  work. 

On  the  morning  of  August  23d,  1902,  he  boarded  a  car  going  toward 
Cleveland  and  requested  the  conductor  to  let  him  off  at  a  farm  road 
crossing  about  two  miles  farther  east,  to  enable  him  to  inspect  a  county 
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bridge  located  near  the  car  line.  For  some  reason  not  known,  the  car 
passed  by  the  cross-road  and  finally  came  to  a  stop  on  a  wooden  trestle 
50  ft.  high,  a  trestle  that  Mr.  Cleverdon  had  constructed  in  1897  while 
Engineer  in  charge  of  the  construction  of  this  road — the  Lorain  and 
Cleveland.  When  the  car  stopped  he  swung  off  on  to  the  trestle  and 
began  to  walk  away  from  the  rear  end  of  the  car.  The  car  started,  but 
he  supposed  it  had  resumed  its  journey  and  gave  it  no  further  atten- 
tion. As  a  matter  of  fact,  the  car  was  backing  up,  and  the  first  warning 
he  had  of  the  impending  danger  was  when  it  struck  him.  He  partly 
jumped  and  was  partly  knocked  from  the  trestle,  struck  a  cross-timber 
on  his  descent  and  then  dropped  to  the  ground.  When  picked  up  a 
few  moments  later,  in  a  semi-conscious  condition,  both  limbs  were 
found  to  be  broken  between  the  knees  and  hips. 

He  was  taken  to  St.  John's  Hospital  in  the  same  car  that  struck  him, 
an  operation  performed,  his  wife  and  family  summoned  and  every- 
thing possible  done  to  allay  his  sufferings  and  improve  his  condition. 
He  did  not  seem  to  rally,  however,  and  on  August  27th,  1902,  ten 
weeks  after  his  wedding  day,  he  passed  away.  The  funeral  was  held 
the  next  day  at  his  old  home,  Chagrin  Falls,  Ohio. 

Mr.  Cleverdon  was  a  noble-hearted  man,  true  to  his  friends  and 
beloved  by  them  in  return.  Always  active  and  energetic,  he  had  a 
wide  circle  of  friends,  scattered  from  one  end  of  the  country  to  the 
other,  who  mourn  his  untimely  death. 

He  is  survived  by  his  wife,  by  his  parents,  one  sister  and  four 
brothers. 

Mr.  Cleverdon  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  March  1st,  1899. 
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OF  THE  SOCIETY. 


FIFTIETH  ANNUAL  MEETING.* 

January  aist,  1903.— The  meeting  was  called  to  order  at  10.45 
a-  m.,  Vice-President  Charles  C.  Schneider  in  the  chair;  Charles 
Warren  Hunt,  Secretary. 

The  reading  of  the  minutes  of  the  meeting  of  January  7th,  1903, 
was  dispensed  with. 

Messrs.  G.  S.  Stoddart  and  C.  D.  Pollock  were  appointed  tellers 
to  canvass  the  Ballot  for  Officers  for  the  ensuing  year. 

The  Annual  Report  of  the  Board  of  Direction!  and  the  Annual 
Reports  of  the  Secretary!  and  of  the  Treasurer)-  for  the  year  ending 

*  A  full  report  of  the  Fiftieth  Annual  Meeting  is  printed  on  pages  42  to  80  of  this 
number  of  Proceeding*. 

t  The  Annual  Reports  of  the  Board  of  Direction,  the  Secretary  and  the  Treasurer 
may  be  found  on  pages  5  to  14  of  the  Proceeding*  for  January,  1908  (vol.  xxix). 
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December  31st,  1902,  were  presented,  aDd,  on  motion,  duly  seconded, 
accepted. 

The  Progress  Report  of  the  Special  Committee  on  Uniform  Tests 
of  Cement*  was  presented  by  George  S.  Webster,  M.  Am.  Soc.  C.  E., 
Chairman  of  that  Committee. 

At  11.20  a.  m.  the  chair  was  taken  by  President  Robert  Moore. 

On  motion,  duly  seconded,  the  report  was  received  and  ordered 
printed  in  Proceedings,  and  the  Committee  continued. 

On  motion,  dnly  seconded,  the  Committee  was  thanked  for  its 
labor  and  report. 

A  progress  report  from  the  Special  Committee  on  Rail  Sections 
was  presented  by  L.  F.  G.  Bouscaren,  M.  Am.  Soc.  C.  E.,  Chairman 
of  that  Committee. 

On  motion,  duly  seconded,  the  Committee  was  continued. 

The  following  were  appointed  members  of  the  Nominating  Com- 
mittee for  two  years: 

George  W.  Tll&son Representing  District  No.  1. 


J.  P.  Snow 

Edwabd  A.  Bond.  . . 
Richard  Khuen,  Jr . 

L.  E.  Chapin 

John  B.  Atkinson  . . 
D.  C.  Henny 


2. 
3. 
4. 
5. 
6. 
7. 


The  Secretary  reported  that  the  Board  of  Direction  had  awarded 
the  prizes  for  the  year  ending  with  the  month  of  July,  1902,  as 
follows : 

The  Norman  Medal  to  Paper  No.  911,  entitled,  "Experiments  at 
Detroit,  Mich.,  on  the  Effect  of  Curvature  upon  the  Flow  of  Water  in 
Pipes,"  by  Gardner  S.  Williams,  M.  Am.  Soc.  C.  E. ;  Clarence  W. 
Hubbell,  Assoc.  M.  Am.  Soc.  C.  E.,  and  George  H.  Fenkell,  Jun.  Am. 
Soc.  C.  E. 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  910,  entitled. 
"Description  of  Coos  Bay,  Oregon,  and  the  Improvement  of  Its 
Entrance  by  the  Government,"  by  William  W.  Harts,  M.  Am.  Soc. 
C.  E. 

The  consideration  of  the  following  proposed  amendment  to  the 
Constitution  was  then  taken  up: 

Amend  Article  III  of  the  Constitution  as  follows: 

Section  2,  first  line,  after  the  words  "Society  as"  strike  out  the 
words  "  Member  or  as  Associate  "  and  insert  the  words  * '  a  Corporate  " ; 
second  line,  after  the  word  "to"  strike  out  the  words  "either  cn-ade 
of."  tt 

Section  2,  Art.  HI,  will  then  read,  "An  application  for  admission 
to  the  Society  as  a  Corporate  Member,  or  for  transfer  from  any  other 

*  This  report  is  printed  in  Proceedings  for  January,  1908. 
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grade  to  Corporate  Membership  shall  embody,"  the  rest  of  the  section 
standing  as  now. 

Section  3,  third  line,  after  the  word  *•  membership  "  strike  out  the 
words  "in  any  grade,"  and  after  the  word  "transfer"  strike  ont  the 
words  "from  one  grade  to  another";  twelfth  line,  for  the  word 
'•may  "  substitute  the  word  '*  shall."  The  section  will  then  read  as 
follows: 

"At  stated  periods,  to  be  determined  by  the  Board  of  Direction, 
there  shall  be  issued  to  each  member  in  any  grade  whose  address  is 
known,  a  list  of  all  new  applications  received  for  membership  or  for 
transfer,  which  list  shall  be  dated  and  shall  contain  a  concise  state- 
ment of  the  record  of  each  applicant  and  the  names  of  the  references 
in  the  case  of  Corporate  Member,  and  endorsers  in  the  case  of  Asso- 
ciate, Junior  or  Fellow,  with  a  request  that  members  transmit  to  the 
Board  any  information  in  their  possession  which  may  affect  the  dispo- 
sition of  the  applications.  Not  loss  than  twenty  days  after  the  issue 
of  such  list,  the  board  of  Direction  shall  consider  these  applications 
together  with  any  information  in  regard  to  the  applicants  that  may 
have  been  received;  may  make  further  inquiries,  if  deemed  expedient; 
shall  classify  the  applicant  with  his  consent,  and  on  applications  for 
Corporate  Membership  may  direct  a  ballot." 

This  amendment  was  proposed  by  Messrs.  H.  G.  Prout,  G.  S. 
Williams,  Alf.  P.  Boiler,  Geo.  Y.  Wisner  and  Geo.  F.  Swain,  and  was 
sent  to  all  Corporate  Members  on  October  2d,  1902. 

The  amendment  was  discussed,  but  was  not  amended. 

A  resolution,*  relative  to  the  death  of  Abram  S.  Hewitt,  was  offered 
by  George  S.  Morison,  Past -President,  Am.  Soc.  C.  E.,  seconded  by 
Robert  W.  Hunt,  M.  Am.  Soc.  C.  E.,  and  carried  unanimously. 

J.  A.  Ockerson,  M.  Am.  Soc.  C.  E.,  offered  the  following  resolu- 
tion: 

Resolved,  That  it  is  the  sense  of  this  meeting  that  the  American 
Society  of  Civil  Engineers  should  co-operate  with  the  officers  of  the 
Louisiana  Purchase  Exposition  Company,  in  the  inauguration  of  an 
International  Congress  of  Engineering,  to  be  held  in  St.  Louis,  dur- 
ing the  Exposition  period  of  1904,  and  be  it  further 

Resolved,  That  the  Board  of  Direction  be,  and  is,  hereby,  authorized 
and  requested  to  take  such  steps  as  may  be  necessary  to  carry  out 
the  provisions  of  the  foregoing  resolution. 

The  resolution,  being  duly  seconded,  was  carried. 

The  Secretary  presented  the  reportf  of  the  tellers  appointed  to 
canvass  the  Ballot  for  Officers  for  the  ensuing  year. 

The  President  announced  the  election  of  the  following  officers : 

President,  to  serve  one  year: 

AiiFHED  Noble,  New  York  City. 

Vice-Presidents,  to  serve  two  years: 
L.  F.  G.  Bouscaben,  Cincinnati,  Ohio. 
Jakes  D.  Schuyler,  Los  Angeles,  Cal. 


*8eepage  70. 
tSee  page  78. 
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Treasurer,  to  serve  one  year. 
Joseph  M.  Knap^  New  York  City. 

Directors,  to  serve  three  years: 
District  No.  i.— Alfred  Craven,  Yonkers,  N.  Y. 
District  No.  1.—  Joseph  O.  Osgood,  Plain  field,  N.  J. 
District  No.  4. — George  S.  Davison,  Pittsburg,  Pa. 
District  No.  6. — E.  C.  Lewis,  Nashville,  Tenn. 
District  No.  6. — Hunter  McDonald,  Nashville,  Tenn. 
District  No.  7. — Elwood  Mead,  Cheyenne,  Wyo. 

Mr.  Morison  and  Mr.  Croes  conducted  Mr.  Noble,  the  President- 
elect, to  the  chair. 

The  Secretary  read  a  letter  from  Robert  Moore,  Past-President, 
Am.  Soc.  C.  E.,  to  the  effect  that,  in  pursuance  of  the  resolution  passed 
at  the  last  Annual  Convention  an  oak  tree  had  been  planted  at  Mt. 
Vernon  as  a  memorial  of  the  visit  of  the  Society  in  May,  1902;  and  that 
this  work  had  been  executed  by  Messrs.  GifFord  Pinchot  and  George 
B.  Sudworth,  of  the  Bureau  of  Forestry,  and  Harrison  H.  Dodge,  Su- 
perintendent of  the  Mt.  Vernon  Estate. 

It  was  moved,  duly  seconded  and  carried  that  the  Secretary  be 
instructed  by  this  meeting  to  extend  the  thanks  of  the  Society  to  the 
gentlemen  named  for  executing  this  commission. 

Adjourned. 

February  4th,  1903.— The  meeting  was  called  to  order  at  8.50  p.  m., 
President  Noble  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  100  members  and  20  guests. 

The  minutes  of  the  meeting  of  January  7th,  1903,  were  approved  as 
printed  in  Proceedings  for  January,  1903.  The  approval  of  the  min- 
utes of  the  Annual  Meeting  was  deferred  until  they  are  printed  in 
the  Proceedings  for  February,  1903. 

An  informal  discussion  on  "  The  Preservation  of  Materials  of  Con- 
struction," was  opened  by  William  Barclay  Parsons,  M.  Am.  Soc.  C  E., 
who  exhibited  perfectly  preserved  specimens  of  wood  taken  from  the 
excavation  for  the  Metropolitan  Underground  Railway  of  Paris  at  the 
site  of  the  ancient  "  Porte  du  Temple,"  founded  during  the  reign  of 
Charles  V,  1364-1380.  He  also  showed  a  section  of  wooden  water 
pipe,  taken  from  the  excavation  for  the  New  York  Rapid  Transit  Sub- 
way on  Center  Street,  which  had  been  in  the  ground  about  100  years, 
and  yet  was  perfectly  preserved.  The  Secretary  presented  a  letter 
from  Mr.  James  Forgie,  Chief  Assistant  Engineer  of  the  City  and 
South  London  Deep  Underground  Railways,  transmitting  and  de- 
scribing a  piece  of  iron  about  200  years  old,  in  the  form  of  a  masonry 
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cramp  or  bonding  iron,  on  which  no  trace  of  rusting  could  be  seen. 
The  iron  had  been  found,  in  1899,  embedded  in  the  sandstone  masonry 
of  a  pier  in  the  crypt  of  St.  Mary  Woolnoth  Church,  in  London,  where 
the  foundations  of  a  railroad  depot  were  being  made.  The  letter  was 
accompanied  by  a  photograph  of  the  crypt,  showing  the  place  where 
the  iron  was  found.  Rudolph  P.  Miller,  Assoc.  M.  Am.  Soc.  0.  E., 
described  the  condition  of  the  metal  in  a  large  building  of  modern 
construction,  in  New  York  City,  which  is  now  being  taken  down,  and 
illustrated  his  remarks  with  lantern  slides. 

The  subject  was  discussed  further  by  Messrs.  George  Hill,  W.  W. 
Kenley,  George  A.  Just,  Edward  P.  North,  Oscar  Lowinson  and  Henry 
B.  Seaman. 

Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates were  elected: 

As  Members. 

Harry  Sherman  Bosler,  Akron,  Ala. 
George  Elvin  Datesman,  Philadelphia,  Pa. 
Arthur  James  Dyer,  Nashville,  Tenn. 
William  Henry  Finley,  Winnetka,  111. 
Graham  Denby  Fitch,  Little  Bock,  Ark. 
Isham  Randolph,  Chicago,  111. 
Charles  Winslow  Sherman,  Boston,  Mass. 
Henry  Clark  Thompson,  New  York  City. 
George  Monroe  Wisner,  Chicago,  111. 


As  Associate  Members. 

James  Marcus  Bandy,  Greensboro,  N.  C. 
Edward  Christian  Henry  Bantel,  Austin,  Tex. 
Sam  Wigfall  Bradshaw,  Steelton,  Pa. 
Per  Brynn,  Pittsburg,  Pa. 
Harris  De  Haven  Connice,  San  Francisco,  Cal. 
Richard  Turner  Dana,  Bidgewood,  N.  J. 
Edward  Bliss  Day,  St.  Louis,  Mo. 
Horace  De  Bemer  Haight,  Albany,  N.  Y. 
Joseph  Milton  Howe,  Houston,  Tex. 
Henry  Scudder  Jaudon,  Birmingham,  Ala. 
George  Albert  McKay,  Newport,  B.  I. 
Hibbabd  Atwill  Paine,  Chandler,  Okla.  T. 
William  Edwin  Pincombe,  Calcutta,  India. 
James  Vincent  Rockwell,  Eagle  Grove,  Iowa. 
Edward  Moses  Stayton,  Hope,  Ark. 
Lazarus  White,  New  York  City. 
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The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  February  3d,  1903: 

As  Associates. 
Rudolf  Caspar  Carl  Mabie  Bernegau,  New  York  City. 
Otto  Balthazar  Keller,  New  York  City. 
Eugene  McGrath  Quirk,  Montreal,  Que.,  Canada. 

As  Juniors. 

John  Seageb  Adey,  New  York  City. 

Robert  Jay  Bassett,  Steelton,  Fa. 

John  Anthony  Crook,  Falls  City,  Neb. 

Shukichi  Fujino,  Pen  coy  d,  Pa. 

Hugh  Melyin  George,  Meridian,  Miss. 

Frederick  Appel  Hausman,  Bridgeport,  Pa. 

Vernet  Albert  Kauffman,  Alamogordo,  N.  Mex. 

Henry  Jacob  Eolb,  Steelton,  Pa. 

George  Edson  Philip  Smith,  Tucson,  Ariz. 

Travis  Logan  Smith,  Jr.,  Fulshear,  Tex. 

Charles  Underbill  Stepath,  New  York  City. 

Carl  Tombo,  New  York  City. 

Edward  Lloyd  Walker,  Paterson,  N.  J. 

Ezra  Bailey  Whitman,  New  York  City. 

Waldo  Gilman  Wildes,  Clinton,  Mass. 

Benjamin  Lee  Williams,  Jr.,  West  Orange,  N.  J. 

Carolus  Hermann  Zane-Cetti,  Fort  Worth,  Tex. 
The  Secretary  announced  the  death  of  the  following  members: 
Watson  Wellman   Rich,  elected  Member  September   5th,  1883; 
died  January  12th,  1903. 

Esteyan  Antonio  Fuertes,  elected  Member  February  17th,  1869; 
died  January  16th,  1903. 

Elnathan  Sweet,  elected  Member  November  6th,  1878;  died  Jan- 
uary 27th,  1903. 

Adjourned. 

February  i8th,  1903.— The  meeting  was  called  to  order  at  8.50 
p.  m.,  President  Noble  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  121  members  and  35  guests. 

A  paper  entitled,  "  The  Panama  Canal,"  by  George  S.  Moris  on, 
Past-President,  Am.  Soc.  C.  E.,  was  presented  by  the  author,  and 
illustrated  with  lantern  slides. 

A  written  communication  on  the  subject,  by  M.  Meigs,  M.  Am.  Soc. 
C.  E.,  was  presented  by  the  Secretary. 

The  subject  was  discussed  orally  by  Messrs.  Theodore  Paschke,  W. 
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H.  Burr,  C.  L.  Harrison,  Boyd  Ehle,  W.  E.  Crane,  P.  Bunau-Varilla 
and  the  author. 

The  Secretary  announced  the  death  of  John  WaiiKeb  Babkioeb,  Jr. , 
elected  Junior  May  31st,  1898;  Associate  Member,  April  2d,  1902;  died 
December  19th,  1902. 

Adjourned. 

OP  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

January  ai st,  1003.— 2.30  p.  m. — President  Noble  in  the  Chair; 
Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Buck, 
Craven,  Davison,  Jackson,  Knap,  Moore,  Osgood,  Pegram,  Schneider, 
Swain  and  Wilgus. 

A  Committee  on  Finance,  a  Library  Committee,  a  Committee  on 
Publications,  and  a  Committee  on  Membership,  were  appointed. 

A  letter-ballot  was  ordered  for  the  election  of  a  Secretary  for  the 
ensuing  year. 

Adjourned. 

February  3d,  1903.— 8.40  p.  h. — President  Noble  in  the  Chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Craven,  Croes, 
Endicott,  Knap,  Kuichling,  Osgood,  Swain  and  Wilgus. 

The  ballot  for  Secretary  was  canvassed,  by  tellers  appointed  for  the 
purpose,  and  Chas.  Warren  Hunt  was  declared  elected. 

The  resolution,  passed  at  the  Annual  Meeting,  recommending  co- 
operation with  the  officers  of  the  Louisiana  Purchase  Exposition  Com- 
pany, in  the  matter  of  a  proposed  International  Congress  of  Engineer- 
ing, to  be  held  in  St.  Louis  during  the  Exposition  of  1904,  was  referred 
to  a  Special  Committee  of  the  Board. 

The  resignations  of  Horace  See,  M.  Am.  Soc.  C.  E.,  and  C.  W. 
Walton,  M.  Am.  Soc.  C.  E. ,  were  accepted. 

A  Committee  of  the  Board  was  appointed  to  take  up  the  matter  of 
a  proposed  revision  of  the  rules  for  the  award  of  the  Collingwood 
Prize  for  Juniors. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

Three  candidates  for  Associate  and  seventeen  for  Junior  were 
elected.* 

Adjourned. 

•  See  page  40. 
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REPORT  IN  FULL  OF  THE  FIFTIETH  ANNUAL  MEETING, 
JANUARY  aist  and  aad,  1903. 

Wednesday,  January  aist,  1903.— The  meeting  was  called  to  order 
at  10:46  a.  m.  ;  Vice-President  C.  C.  Schneider  in  the  chair;  Charles 
Warren  Hunt,  Secretary. 

The  Chairman. — The  minutes  of  the  meeting  of  January  7th,  1903, 
will  be  printed  in  the  January  number  of  Proceedings ',  and  come  up  in 
due  course  for  action  at  the  meeting  of  February  4th.  In  view  of  this 
fact,  the  reading  of  those  minutes  will  be  dispensed  with,  if  there  are 
no  objections. 

The  time  has  arrived  now  for  canvassing  the  votes  for  officers,  and 
I  will  appoint  Messrs.  G.  S.  Stoddard  and  C.  D.  Pollock  as  tellers. 
The  ballot  will  be  closed,  in  accordance  with  the  Constitution,  at 
twelve  o'clock  noon.  Any  member  present  who  has  not  voted  may 
vote,  up  to  that  time.  In  order  to  finish  the  count  of  the  ballot  in 
time,  the  tellers  may  proceed  at  once  with  the  count. 

The  next  business  is  the  reading  of  the  report  of  the  Board  of 
Direction  for  1902. 

The  Secretary  readAthe  report  of  the  Board  of  Direction.* 

The  Chairman. — You  have  heard  the  report  of  the  Board  of  Direc- 
tion.    What  action  will  you  take  ? 

A  Member. — I  move  that  the  report  be  received  and  placed  on  file. 

Seconded  and  carried. 

The  Chairman. — The  report  of  the  Secretary  to  the  Board  of 
Direction. 

The  Secretary  read  his  report,  t 

The  Chairman. — You  have  heard  the  Secretary's  report.  What 
action  will  you  take  in  reference  to  it  ? 

It  was  moved  and  seconded  that  the  report  be  received  and  placed 
on  file. 

Carried. 

The  Chairman. — The  report  of  the  Treasurer. 

The  Treasurer  read  his  report.  J 

The  Chairman. — Gentlemen,  what  action  will  you  take  with  refer- 
ence to  the  Treasurer's  report  ?  If  there  are  no  objections,  it  will  be 
received  and  placed  on  file. 

The  report  of  the  Special  Committee  on  Uniform  Tests  of  Cement, 
Mr.  Geo.  S.  Webster,  Chairman. 

Report  read  by  Mr.  Webster.  $ 

(At  11.20  a.  m.  the  chair  was  taken  by  the  President,  Mr.  Robert 
Moore.) 

The  President. — You  have  heard  the  report,  and  it  is  now  open 
for  discussion  or  for  such  action  as  the  meeting  sees  fit  to  take. 


*  See  Proceedings,  Vol.  xxix,  p.  5  (January,  1908). 
t  See  Proceedings,  Vol.  xxix,  p.  12  (January,  1908). 
"  See  Proceedings,  Vol.  xxix.  p.  14  (January,  1908). 
See  Proceedings  for  January,  1908. 
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J.  James  R.  Oboes,  Past-President,  Am.  Soc.  0.  E  — I  move  that  the 
report  be  received  and  printed  in  the  Proceedings,  and  the  Committee 
continued. 

Seconded  and  carried. 

E.  B.  Codwise,  M.  Am.  Soc.  C.  E. — I  move  that  the  Committee  be 
thanked  for  their  labor  and  their  report. 

Seconded  and  earned. 

The  Pbesident. — The  next  thing  in  order  is  the  report  from  the 
Committee  on  Bail  Sections;  Mr.  Bonscaren,  Chairman.  I  believe  he 
has  a  progress  report. 

The  report  was  read  by  Mr.  Bonscaren  as  follows: 

"The  Special  Committee  on  Bail  Sections  would  report  that  it  has 
made  progress  in  its  labors;  has  been  and  is  in  correspondence  with 
the  Chief  Engineers  of  many  of  the  railroads  of  the  United  States  and 
Canada;  and  that  the  reports  received  from  them  show  greater  propor- 
tionate wear  of  the  heavier  than  of  the  lighter  sectioned  rails. 

"  They  would  also  report  that  the  steel  rail  manufacturers  of  the         ' 
United  States  have  appointed  a  committee  to  act  in  consultation  with 
your  committee,  and  that  one  joint  session  has  been  held.     Your  com- 
mittee asks  to  be  continued. " 

"  G.  Bouscahen, 
"  Chairman." 

The  President. — You  have  heard  the  report,  gentlemen,  and  also 
the  request  of  the  Committee  that  they  be  continued.  What  action 
will  you  take  ? 

Mr.  Cod  wise. — I  move  that  the  request  be  granted. 
Seconded  and  carried. 

The  President. — The  next  order  of  business  is  action  upon  the    Nominating 
nominations  for  the  seven  geographical  districts  for  members  of  the    Committee, 
next  Nominating  Committee.     We  will  hear  the  reports  of  the  nomina- 
tions which  have  been  made  by  the  members  of  those  districts. 
The  Secretary. — The  report  from  District  No.  1  is  as  follows: 
District  No.  1.—  Total  number  of  votes  received,  98;  distributed  as 
follows: 

George  W.  Tillson 24 

Frederick  S.  Odell 19 

Henry  W.  Hodoe 16 

C.  H.  Graham 3 

George  S.  Rice 3 

J.  V.  Davies 2 

J.  J.  R  Croes* 2 

George  B.  Francis 2 

Charles  S.  Gowen 2 

Allen  Hazen 2 

O.  F.  Nichols 2 

T.  Eennard  Thomson 2 

S.  C.  Thompson 2 

*  Ineligible. 
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Nominating  The  following  have  received  one  vote  each: 

(ConttoiSh  Wm-  Henry  Baldwin,  Edward  P.  Nobth, 

William  H.  Burr,  John  F.  O'Rourke, 

S.  L.  F.  Dryo,  E.  E.  Olcott, 

William  B.  Fuller,  .7.  Waldo  Smith, 

Martin  Gay,  M.  G.  Starrett, 

S.  W.  Hoag,  Jr.;  Edward  Wbgmann, 

George  A.  Just,  S.  C.  Weiskopp, 

Henry  P.  Morrison,  W.  J.  Wilgus,* 

F.  Stuart  Williamson. 

The  Secretary. — The  members  of  the  Nominating  Committee  are 
to  be  elected  by  this  meeting,  and  this  is  merely  a  suggestion  to  the 
meeting. 

The  President. — The  Chair  awaits  suggestions  in  that  matter,  as 
to  the  pleasure  of  the  Society. 

J.  M.  Knap,  Treasurer,  Am.  Soc.  C.   E. — I  move  that  the  usual 
course  be  adopted,  and  that  we  elect  the  man  who  receives  the  largest 
number  of  votes,  who,  I  think,  in  this  case,  is  Mr.  Tillson. 
Seconded. 

The  President. — It  is  moved  and  seconded  that  Mr.  Tillson  be  the 
choice  of  the  meeting  for  this  district. 
Carried. 

The  Secretary. — From  District  No.  2  the  report  is  as  follows: 
District  No.  2. — Total  numb9r  of  votes  received,  42;  distributed  as 
follows: 

J.  P.  Snow 11 

Clarence  B.  Vorce 8 

George  A.  Kimball  * 4 

Frederic  P.  Stearns  ...  4 

C.  Frank  Allen 2 

S.  E.  Tinkham 2 

The  following  have  received  one  vote  each: 

A.  S.  Cheever,  George  K.  Hardy, 

Freeman  C.  Coffin,  C.  M.  Ingersoll, 

Desmond  FitzGerald,*  Leonard  Metcalf, 

George  B.  Francis,*  Mace  Moulton, 

Arthur  W.  French,  Edward  Sawyer, 

George  F.  Swain.  * 

C.  S.  Allen,  M.  Am.  Soc.  C.  E.— I  move  that  Mr.  J.  P.  Snow  be 
elected  on  the  Nominating  Committee. 
Seconded  and  carried. 

The  Secretary. — The  District  No.  3  report  is  as  follows: 
District  No.  3. — Total  number  of  votes  received,  66;  distributed  as 
follows : 

Edward  A.  Bond 29 

Palmer  C.  Ricketts 19 

Charles  M.  Morse 2 

P.  Alexander  Peterson    2 

Gardner  S.  Williams 2 

♦  Ineligible. 
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The  following  have  received  one  vote  each: 

John  F.  Alden,*  John  Kennedy, 

Frank  V.  E.  Bardol,  Louis  H.  Knapp, 

E.  E.  Brydone-Jack,  Olin  H.  Lakdbeth, 

Robert  Cartwright,  E.  H.  McHknry, 

Clark  Fisher,  Elnathan  Sweet, 

William  A.  Haven,  T.  W.  Symons. 

The  President. — Is  there  any  motion? 

Mb.  E.  B.  Codwise.— I  move  that  Mr.  Edward  A.  Bond,  having 
received  the  highest  number  of  votes  on  the  ballots,  be  declared 
elected. 

Seconded  and  carried. 

The  Secretary.—  The  ballot  from  District  No.  4  is  as  follows: 

District  No.  4. — Total  number  of  votes  received,  107;  distributed 
as  follows: 

Richard  Khuen,  Jr 47 

L.  Y.  Schbbmerhobn 22 

H.M.Wilson 17 

Bernard  R.  Green 2 

Emtl  Swensson 2 

The  following  have  received  one  vote  each : 

Edward  M.  Bigelow,  N.  H.  Hutton, 

William  Bradford,  Harvey  Linton, 

W.  W.  Card,  F.  O.  Maxson, 

Arthur  P.  Davis,  Mansfield  Merriman, 

George  S.  Davison,*  William  A.  Pratt, 

J.  E.  Gbeinkb,  E.  B.  Taylor, 

G.  B.  Hazlehubst,  S.  La  R.  Tone, 

John  W.  Hill,  Samuel  Tobias  Wagner,* 

George  S.  Webster. 

The  President. — Richard  Ehuen  has  the  largest  number  of  votes. 
It  is  moved  and  seconded  that  his  election  be  made  unanimous. 
Carried. 

The  Secretary. — District  No.  5  votes: 

District  No.  5. — Total  number  of  votes  received,  79;  distributed 
as  follows: 

L.  E.  Chapin 25 

J.  B.  Davis 8 

William  M.  Hughes 6 

R.  B.  C.  Bement 3 

G.  A.  Marb 3 

John  W.  Alvord 2 

Charles  E.  Greene  2 

D.  W.  Mead 2 

C  J.  A.  Morris 2 

Samuel  T.  Wellman 2 


*  Ineligible. 
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Nominating  The  following  have  received  one  vote  each : 

Committee 
(Continued).  WARD  BALDWIN,  CHARLES  F.  LoWETH, 

L.  F.  G.  Bouscaben,*  Ralph  Modjeski, 

Geobge  H.  Boynton,  G.  B.  Nicholson,* 

W.  M.  Camp,  Walter  P.  Rice, 

D.  D.  Cabothers,  H.  E.  Biggs, 

E.  C.  Cabteb,*  James  Ritchie, 
Clarence  Coleman,  J.  W.  Schaub, 

F.  A.  Delano,  E.  C.  Shankland, 
James  Dun,  Charles  L.  Strobel, 
R.  L.  Engle,  Job  Tuthtll, 

E.  E.  Haskell,  L.  L.  Wheeler, 

G.  W.  Kittredge,  George  Y.  Wisner. 

On  motion,  duly  seconded,  Mr.  L.  E.  Chapin  was  elected  as  mem- 
ber of  the  Nominating  Committee. 
The  Secretary. — District  No.  6: 

District  No.  6. — Total  number  of  votes  received,  46;  distributed  as 
follows: 

John  B.  Atkinson.. 5 

Arthur  Hideb 3 

J.  A.  L.  Waddell 3 

George  G.  Earl 2 

L.  F.  Goodale 2 

B.  M.  Harrod 2 

C.  D.  Purdon 2 

S.  Bent  Russell 2 

The  following  have  received  one  vote  each : 

James  P.  Allen,  D.  W.-  Lum, 

William  Cain,  R.  C.  McCalla, 

W.  W.  Carson,  Hunter  McDonald,* 

William  H.  Courtenat,  F.  A.  Molttor, 

William  P.  Craighill,  R.  Montfort, 

Ben.  L.  Crosby,  Geo.  B.  Nicholson, 

Edward  Flad,  J.  A.  Ockerson, 

B.  M.  Hall,  M.  P.  Paret, 

W.  J.  Hardee,  Heram  Phillips, 

W.  N.  Hazlehurst,  A.  M.  Scott, 

E.  C.  Lewis,*  B.  F.  Thomas, 

J.  L.  Ludlow,  C.  C.  Wentworth, 
Jose  R.  Villalon. 

The  President. — Mr.  John  B.  Atkinson  has  the  largest  number  of 
votes.  Is  there  any  motion?  If  not,  those  who  are  in  favor  of  the 
election  of  John  B.  Atkinson  will  say  aye. 

Carried. 

The  Secretary. — District  No.  7: 


*  Ineligible. 
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District  No.  7.— Total  number  of  votes  received,  44;  distributed  as 

follows: 

D.  C.  Henny 9 

C.  E.  G run sky 4 

C.  D.  Mabx 4 

RORERTO  GaYOL 2 

Horace  A.  Sumner 2 

A.  J.  Tullock 2 

Otto  von  Geldern 2 

The  following  have  received  one  vote  each : 

W.  A.  Aycrigg,  C.  E.  Fowler, 

Julius  Baier,  Arthur  DeWitt  Foote, 

R.  E.  Briggs,  F.  W.  D.  Holbrook, 

R.  B.  Burns,  John  D.  Isaacs, 

E.  B.  Cushing,  W.  H.  Kennedy, 
George  L.  Dillman,  J.  B.  Lippincott, 
H.  W.  Edwards,  J.  W.  Maxey, 

C.  F.  W.  Felt,  D.  W.  Ross, 

W.  W.  Follett,  W.  B.  Storey,  Jr., 

James  D.  Schuyler.* 

The  President. — Mr.  D.  C.  Henny  has  the  largest  number  of  votes. 
Those  who  are  in  favor  of  making  him  a  member  of  the  Nominating 
Committee  signify  by  saying  aye. 

Carried. 

The  President. — This  concludes  that  order  of  business.     The  next  Award  of 
is  the  report  from  the  Board  of  Direction  as  to  the  award  of  the  medal 
and  prizes  for  the  year  ending  with  July,  1902. 

The  Secretary. — I  am  directed  by  the  Board  of  Direction  to  report 
that  the  Norman  Medal  and  the  Thomas  Fitch  Rowland  Prize  have 
been  awarded  by  the  Board,  in  accordance  with  the  recommendations 
of  the  following  report : 

To  the  Board  op  Direction, 

American  Society  of  Civil  Engineers. 

The  undersigned  respectfully  recommend  that  awards  of  the 
Normal  Medal  and  Thomas  Fitch  Rowland  Prize  for  the  year  ending 
with  the  Transactions  for  July,  1902,  be  made  as  follows: 

The  Norman  Medal  to  Paper  No.  911,  "Experiments  at  Detroit,  Michi- 
gan, on  the  Effect  of  Curvature  upon  the  Flow  of  Water  in  Pipes,"  by 
Gardner  S.  Williams,  M.  Am.  Soc.  C.  E. ;  Clarence  W.  Hubbell,  Assoc. 
M.  Am.  Soc.  C.  E.,  and  George  H.  Fenkell,  Jun.  Am.  Soc.  C.  E. 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  910,  "  Description 
of  Coos  Bay,  Oregon,  and  the  Improvement  of  Its  Entrance  by  the 
Government,"  by  William  W.  Harts,  M.  Am.  Soc.  C.  E. 

•  Ineligible! 
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Award  of  There  being  no  papers  contributed  exclusively  by  Juniors,  no 

(Continued),   recommendation  as  to  the  award  of  the  Collingwood  Prize  for  Juniors 
can  be  made. 

Respectfully  submitted, 

H  M.  Chittenden, 
Bernard  R.  Green, 
G.  Bouscabsn, 

Committee. 

The  President. — This  is  simply  for  information,  and  requires  no 
action.     The  next  order  of  business  is  the  proposed  amendment  to 
the  Constitution,  which  the  Secretary  will  read. 
Proposed  ^HE  Secretary. —This  amendment  to  the  Constitution  has  now 

Amto1thient   £one  through  all  the  forms,  and  this  meeting  has  the  power  to  amend 
Constitution,   it  and  send  it  out  as  amended;  if  it  is  not  amended  at  this  meeting,  it 
goes  to  the  Society  in  the  form  in  which  it  is  at  present. 
Amend  Article  III  of  the  Constitution  as  follows: 

Section  2,  first  line,  after  the  words  "  Society  as  "  strike  out  the 
words  "  Member  or  as  Associate  "  and  insert  the  words  "  a  Corporate  "; 
second  line,  after  the  word  "  to  "  strike  out  the  words  "  either  grade 
of." 

Section  2,  Art.  Ill,  will  then  read,  "  An  application  for  admission 
to  the  Society  as  a  Corporate  Member,  or  for  transfer  from  any  other 
grade  to  Corporate  Membership  shall  embody,"  the  rest  of  the  section 
standing  as  now. 

Section  3,  third  line,  after  the  word  "membership  "  strike  out  the 
words  "  in  any  grade,"  and  after  the  word  "transfer  "  strike  out  the 
words  "from  one  grade  to  another";  twelfth  line,  for  the  word 
"  may  "  substitute  the  word  "  shall."  The  section  will  then  read  as 
follows : 

"At  stated  periods,  to  be  determined  by  the  Board  of  Direction, 
there  shall  be  issued  to  each  member  in  any  grade  whose  address  is 
known,  a  list  of  all  new  applications  received  for  membership  or  for 
transfer,  which  list  shall  be  dated  and  shall  contain  a  concise  state- 
ment of  the  record  of  each  applicant  and  the  names  of  the  references 
in  the  case  of  Corporate  Member,  and  endorsers  in, the  case  of  Asso- 
ciate, Junior  or  Fellow,  with  a  request  that  members  transmit  to  the 
Board  any  information  in  their  possession  which  may  affect  the  dispo- 
sition of  the  applications.  Not  less  than  twenty  days  after  the  issue 
of  such  list,  the  Board  of  Direction  shall  consider  these  applications, 
together  with  any  information  in  regard  to  the  applicants  that  may 
have  been  received;  may  make  further  inquiries,  if  deemed  expedient; 
shall  classify  the  applicant  with  his  consent,  and  on  applications  for 
Corporate  Membership  may  direct  a  ballot." 

The  President. — The  matter  is  open  for  discussion,  gentlemen. 
J.  F.  O'Rourke,  M.  Am.  Soc.  C.  E. — I  would  like  to  offer  this  amend- 
ment as  a  substitute  for  the  amendment  just  read. 

The  Secretary  read  the  amendment  offered,  as  follows: 
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Proposed  Amendment  to  the  Constitution. 

Amend  A  tide  III  of  the  Constitution  as  follows: 
Strike  ont  the  first  seven  sections  of  Article  III,  and  substitute  the 
following: 

1.  Election  to  membership  in  all  grades  shall  be  by  the  Board  of 
Direction,  subject  to  the  following  procedure: 

2.  Honorary  Members  shall  be  proposed  by  at  least  ten  members, 
and  shall  be  elected  only  by  a  unanimous  vote  of  the  Board  of  Direc- 
tion. A  Past- President,  or  a  member  of  the  Board  of  Direction  pro- 
posed for  Honorary  Membership,  shall  not  be  required  to  vote  either 
for  or  against  his  own  admission. 

A  person  elected  an  Honorary  Member  shall  be  promptly  notified 
thereof  by  letter.  The  election  shall  be  canceled  if  an  acceptance  is 
not  received  within  six  months  after  the  mailing  of  such  notice. 

3.  Members,  Associate  Members,  Associates,  Juniors  and  Fellows, 
shall  be  elected  by  letter-ballot  of  the  Board  of  Direction,  and  on  such 
ballot  three  negative  votes  shall  exclude. 

4.  An  applicant  for  admission  to  the  Society  as  Member  or  as  Asso- 
ciate Member,  or  for  transfer  from  any  other  grade  to  either  grade  of 
Corporate  Membership,  shall  embody  a  concise  statement,  with  dates, 
of  the  candidate's  professional  training  and  experience,  and  shall  be 
in  a  form  and  in  such  detail  as  may  be  prescribed  by  the  Board  of 
Direction.  It  shall  be  signed  by  the  applicant,  and  shall  contain  a 
promise  to  conform  to  the  requirements  of  membership,  if  elected. 
The  applicant  shall  furnish  the  names  of  at  least  five  Corporate 
Members  to  whom  he  is  personally  known.  Each  of  these  shall  be 
requested  by  the  Secretary  to  address  a  letter  to  the  Board  of  Direc- 
tion, on  a  form  prescribed  by  said  Board,  stating  the  extent  of  the 
writer's  personal  knowledge  of  the  applicant  and  of  his  professional 
work.  If  at  least  five  of  the  Corporate  Members  named  as  references 
do  not  famish  the  requisite  endorsement,  the  Secretary  shall  call 
upon  the  applicant  for  additional  names,  and  not  until  written  com- 
munications shall  have  been  received  from  at  least  five  Corporate 
Members  shall  the  application  be  considered  by  the  Board. 

Applications  of  engineers  not  resident  in  North  America,  and  who 
may  be  so  situated  as  not  to  be  personally  known  to  five  Corporate 
Members,  may  be  endorsed  by  five  Members  of  the  Board  of  Direction, 
after  having  secured  evidence  sufficient,  in  their  opinion,  to  show 
that  the  applicant  is  worthy  of  admission. 

5.  An  application  for  admission  as  Associate,  Junior,  or  Fellow, 
shall  embody  a  statement  of  the  applicant's  qualifications  for  the  grade 
of  membership  for  which  admission  is  sought.  The  application  shall 
be  signed  by  the  applicant,  aDd  endorsed  by  at  least  three  Corporate 
Members  who  shall  certify  that  they  personally  know  the  applicant, 
and  believe  him  to  be  in  all  respects  a  proper  person  to  be  admitted 
to  the  Society,  and  that  they  recommend  him  for  admission. 

6.  At  stated  periods,  to  be  determined  by  the  Board  of  Direction, 
there  shall  be  issued  to  each  member  in  any  grade  whose  address  is 
known,  a  list  of  all  applications  received,  which  list  shall  be  dated  and 
shall  contain  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references  in  the  case  of  Corporate  Member,  and 
endorsers  in  the  case  of  Associate,  Junior  or  Fellow,  with  a  request 
that  members  transmit  to  the  Board  any  information  in  their  posses- 
sion which  may  affect  the  disposition  of  the  applications.  The  names 
of  applicants  for  admission  as  Member  or  Associate  Member  shall  be 
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Discussion  on  alphabetically  arranged  as    applicants    for  Corporate  Membership, 

A™to  the6nt    with01**1  specification  as  to  which  of  these  grades  is  sought.     Not  less 

Constitution    than  twenty  days  after  the  issue  of  such  list,  the  Board  of  Direction 

(Continued),   shall  consider  these  applications,  together  with  any  information  in 

regard  to  the  applicants  that  may  have  been  received,  and  may  then 

proceed  to  letter-ballot.     The  Society  shall  be  notified  of  all  elections. 

Change  the  numbers  of  Sections*  8,  9,  10  and  11  to  7,  8,  9  and  10, 

respectively. 

B.  B.  Green,  M.  Am.  Soc.  C.  E. — I  second  the  amendment. 

The  President. — This  amendment  has  been  offered  and  seconded, 
and  is  now  open  for  discussion  or  action  by  the  meeting. 

A  Member. — Is  it  the  intention  of  taking  the  vote  on  the  amend- 
ment to  the  Constitution,  or  the  amendment  to  the  amendment, 
to-day? 

The  President. — The  amendment  to  this  proposed  amendment  is 
pending. 

A  Member. — As  an  amendment  to  the  Constitution? 

The  Secretary. —It  requires  a  letter-ballot  of  the  whole  Society; 
action  by  this  meeting  is  merely  on  the  form  in  which  the  amendment 
shall  be  sent  out. 

P.  C.  Bicketts,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  it  seems  to  me 
that  the  adoption  of  this  amendment  to  the  original  amendment  would 
be  the  defeat  of  the  original  amendment.  Tim  question  of  the  elec- 
tion of  members  by  the  Board  of  Direction  has  been  thoroughly  con- 
sidered in  the  past  two  or  three  years.  There  was  a  committee,  as  you 
recollect,  appointed,  and  that  committee  reported,  and  it  was  defeated, 
as  I  remember,  by  the  Society. 

Now,  it  seems  to  me  that  the  amendment  proposed  to-day  is  a  good 
one,  that  is,  that  the  classification  shall  be  made  by  the  Board  of 
Direction;  but  the  amendment  to  this  amendment  is  not,  in  my 
opinion,  a  good  one.  I  do  not  believe  that  the  Board  of  Direction 
should  have  the  entire  charge  of  the  affairs  of  the  Society.  I  believe 
that,  as  far  as  the  election  of  members  of  the  Society  is  concerned,  the 
Society  is  the  best  judge.  It  is  true  that  every  now  and  then  a  pink 
ballot  comes  out.  They  look  very  pink  and  they  make  an  impression, 
but  the  committee  appointed  found — I  forget  the  exact  number,  but  I 
think  it  was  something  like  thirty -two  pink  ballots  in  four  or  five 
years.  It  seems  to  me  that  the  present  method  of  electing  members 
is  a  pretty  good  method  and  a  pretty  safe  method.  We  all  have  a 
chance,  those  of  us  who  are  interested,  to  scan  carefully  the  blue  lists 
as  they  come  out,  and  afterward  the  ballots,  and  can  use  our  own 
judgment;  and  it  is  a  pretty  good,  democratic  way  of  doing  things. 

I  think  it  would  be  a  mistake  to  adopt  this  amendment  to  the 
amendment  proposed. 

H.  G.  Prout,  M.  Am.  Soc.  C.  E. — Mr.  President,  as  the  Chairman 
of  the  committee  which  originally  produced  the  amendment  which 
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has  been  circulated  among  yon,  it  may  be  well  for  me  to  Bay  two  or 
three  words.  The  intention  of  the  work  of  onr  committee  was  simply 
to  put  the  classification  in  the  hands  of  the  Board  of  Direction,  as 
Professor  Kicketts  has  pointed  out.  That  is  all  we  wished  to  do.  We 
held  that  the  Board  of  Direction  had  that  power  already,  under  the 
Constitution,  but  it  did  not  seem  quite  clear  that  that  was  the  case, 
and,  therefore,  the  amendment  which  we  proposed  was  designed  to 
make  that  clear;  that  it  was  not  only  within  the  power  of  the  Board  of 
Direction  to  classify  candidates,  but  that  it  was  their  duty.  That  is 
what  our  amendment  was  aimed  to  accomplish. 

The  amendment  to  that  amendment  which  is  brought  forward  now 
accomplishes  that  purpose,  and  it  goes  further,  and  puts  the  election 
in  the  hands  of  the  Board  of  Direction.  So  far  as  that  goes,  I  do  not 
agree  with  Professor  Ricketts.  For  many  years  I  have  held  very 
stoutly  the  position  that  he  has  taken,  namely,  that  the  election  should 
be  in  the  great  body  of  the  Society,  but  within  the  last  two  or  three 
years  my  feeling  has  changed,  and  I  have  come  to  believe  that  it  would 
be  better  for  the  Society  if  the  election  of  members  were  in  the  hands 
of  the  Directors.  I  should  imagine  that  it  would  increase  the  sense 
of  responsibility  of  every  person  who  was  directly  interested  in  the 
election;  that  is  to  say,  each  member  of  the  Board  of  Direction  would 
feel  that  the  responsibility  was  upon  him  of  doing  precisely  the  right 
thing.  He  could  not  soothe  his  conscience  by  knowing  that  there  is 
another  body  to  come  after  him,  to  confirm  or  reject  his  action,  and 
surely  the  Board  of  Direction  can  know  more  precisely  the  fitness  or 
unfitness  of  the  candidate  than  can  the  great  body  of  the  members. 

It  is  extremely  difficult,  I  know,  to  get  to  a  large  body  precise 
information  very  quickly,  and  especially  negative  information;  but 
that  need  not  be  so.  The  Board  of  Direction  can  organize  its  machin- 
ery in  such  a  way  as  to  get  more  precise  information,  we  will  say,  by 
appointing  some  committees  among  its  own  members  to  cover  different 
territories,  and  take  pains  to  get  information  about  candidates;  and 
my  own  feeling  now  is  quite  strong  that  the  Society  would  get  better 
results  by  having  the  election  put  in  the  hands  of  the  Board  of 
Direction. 

Foster  Crowkll,  M.  Am.  Soc.  0.  E.— Mr.  Chairman,  1  would  also 
support  the  amendment  to  the  amendment.  The  matter  has  been 
before  the  Society  quite  frequently,  as  one  of  the  previous  speakers 
has  mentioned,  and  it  seems  to  me  that  this  presentation  is  an  evi- 
dence of  profound  reflection  upon  the  discussions  that  have  gone 
before. 

Having  had  the  opportunity  to  support  the  general  idea  of  the 
policy  of  the  election  of  members  by  the  Board,  in  the  past,  I  have 
had  my  feelings  confirmed  that  that  is  the  most  practical,  exact  and 
proper  method  of  selecting  the  proper  material.    It  is  not  my  in  ten- 
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Discussion  on  **on  *°  8°  ^>°  details  at  this  time,  but  to  point  out  that,  -with  the 
Amendment   present  arrangement,  when  the  pink  ballot  is  sent  out,  there  is  always 
Constitution   a  strong  effort,  on  the  part  of  the  friends  of  the  candidate,  to  secure 
(  on  inu    ).  fayorajjie  action,  upon  the  mere  statement  of  their  belief  that  the  can- 
didate is  worthy.  That  has  the  effect  of  making  the  pink  ballot  entirely 
ineffectual,  and  there  is  no  other  reason  that  I  can  see — if  you  admit 
that  the  pink  ballot  is,  to  that  extent,  valueless — for  keeping  the 
election  of  members  in  the  hands  of  the  members  of  the  Society,  as  at 
present. 

On  the  other  hand,  the  opportunity  which  the  Board  has  of 
arriving  at  an  accurate  estimate  of  the  candidate's  character  and 
abilities  is  so  very  much  greater  that  it  seems  to  me  there  is  no  choice 
in  the  matter,  and  I  hope  that  the  amendment  will  pass 

Mb.  Rioketts.  —Mr.  Chairman,  Mr.  Cro well  has  stated  one  view  of 
the  question.  The  other  view  is  this:  That  a  great  many  members  of 
the  Society  will  not  write  or  give  their  opinions  of  the  candidates  to 
the  Board  of  Direction,  partly  because  they  would  be  unable,  perhaps, 
to  prove  definitely  their  opinions  of  the  man,  and,  secondly,  because 
they  are  afraid  that  members  of  the  Board  of  Direction  would  give  to 
the  candidates  information  which  had  been  presented  to  the  Board  of 
Direction. 

Now,  gentlemen,  that  thing  occurs.  Within  my  knowledge,  there 
has  been,  within  the  last  two  years,  a  man  presented  for  membership 
in  this  Society  who  was  unfit  for  the  position.  He  was  first  sent  out 
by  the  Board  of  Direction  to  be  voted  upon,  and  was  blackballed.  He 
was  then  sent  out  again  on  a  pink  ballot,  and  was  defeated.  He  was 
not  a  fit  member  of  the  Society.  He  would  have  been  elected,  if  the 
election  had  been  in  the  hands  of  the  Board.  They  sent  it  out  twice, 
and  the  members  would  not  receive  him. 

Now,  that  is  the  other  side  of  that  question.  And  I  also  know,  of 
my  own  knowledge,  that  members  of  the  Board  have  given  informa- 
tion to  candidates  for  membership  in  this  Society— information  which 
they  had  no  right  to  give.  Now,  that  is  the  other  side  of  this  ques- 
tion. I  do  not  mean  to  cast  any  reflections  on  the  Board  of  Direction 
of  this  Society,  as  a  whole.  I  have  been  a  member  of  the  Board,  and  I 
am  proud  of  it,  and  I  do  not  believe  there  are  any  better  men  in  any 
profession  who  could  be  collected  together  than  the  members  of  the 
Board  of  Direction  of  this  Society;  but  I  do  not  believe  they  give 
often  sufficient  consideration,  as  a  Board,  to  the  question;  and 
I  do  not  believe  that  a  man  in  California,  if  a  pink  ballot  is  sent 
to  him,  will  give  very  much  more  consideration  to  it  than  he  does 
at  present.  I  think  it  is  a  perfectly  safe  proposition  to  leave 
that  matter  in  the  hands  of  the  members  of  the  Society  as  a  whole. 
(Applause.) 

Mb.  O'Rourkb. — Mr.  Chairman,  I  have  been  a  member  of  the 
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Society  for  nineteen  years,  and  I  have  just  completed  a  teim  as  a 
Director.  During  my  term  in  the  Board,  when  Professor  Ricketts 
was  there,  I  nearly  always  had  the  pleasure  of  being  on  the  same  side 
with  him,  and  I  am  sorry  to  see  that,  haying  left  the  Board,  he  does 
not  continue  on  the  right  side  of  the  question. 

The  President. — I  am  informed  that  it  is  twelve  o'clock,  and  this 
is  the  hour  at  which  the  ballot  is  closed  and. counted  by  the  tellers. 

Mb.  O'Roubke. — The  speaker's  objection  seems  to  be  largely  due 
to  the  fact  that  the  Board  of  Direction  is  a  fallible  body,  and  that,  to 
some  extent,  the  door  is  ajar,  and  now  and  then  information  will  get 
out.  Well,  that  may  be  true;  I  don't  know  but  what  it  has  gotten 
out.  I  can  only  say  that,  in  regard  to  the  general  practice,  everything 
that  goes  to  the  Board  remains  there  and, never  gets  beyond.  It  may 
be  that  there  are  individual  instances  where  that  has  occurred;  that 
will  happen  anywhere,  and  when  we  can  get  enough  sense  together  to 
make  a  Board  of  Direction  that  is  infallible  and  all- wise,  then  the 
Professor's  idea  probably  will  be  reached  in  regard  to  what  a  Board 
ought  to  be  ;  but  as  long  as  we  cannot  get  any  further  than  to  select 
from  among  the  body  of  the  American  Society  of  Civil  Engineers  the 
best  men  that  are  found  in  it,  and  make  them  the  Board  of  Direction, 
we  have  got  to  put  up  with  whatever  difficulties  may  arise  from  the 
fact  that  they  are  not  absolutely  perfect. 

Now,  to  get  to  the  regular  question:  We  are  not  discussing  some- 
thing that  is  proposed  by  the  American  Society  of  Civil  Engineers  as 
a  new  policy  of  the  Society  and  a  new  way  of  .electing  its  membership, 
and  of  being  democratic  or  not  being  democratic — get  away  from  that 
idea  of  democracy  which  seems  to  be  so  popular  with  some,  and  with 
all  of  us,  I  hope — but  the  only  thing  is  we  have  got  to  find  out  how 
democratic  we  are.  There  is  no  body,  of  the  description  of  this 
Society,  which  asks  the  general  membership  to  elect  its  members. 

This  Society  is  probably  six  times  larger  than  it  was  when  I  came 
into  it,  and  the  difficulty  at  that  time  was  that  the  members  were 
unable  to  vote  intelligently,  and  that  a  few.would  get  together,  and, 
from  prejudice,  or  for  some  other  reason,  shut  out  a  man  who  was  abso- 
lutely worthy.  In  spite  of  everything,  the  Society  has  grown,  so  that 
to-day,  not  to  be  a  member  of  the  Society,  or  to  be  rejected  by  the  Society, 
by  seven  unknown  voters  out  of  two  thousand,  who  may  or  may  not  be 
acting  right,  is  a  stigma;  and  the  reason  why  people  are  rejected,  very 
often,  is  not  that  they  are  unworthy,  but  simply  because  there  are 
certain  people  who  do  not  like  them;  and  the  more  a  man  is  known, 
while  there  are  more  people  who  like  him,  no  matter  how  many  may 
like  him,  they  do  not  make  any  difference  if  there  are  seven  who  do 
not  like  him,  however  unworthy  their  motives,  or  however  worthy,  if 
you  will,  the  other  two  thousand  may  be,  their  approval  is  of  no  value 
whatever. 
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Discussion  on        a  Member. — You  would  not  get  in  now. 
Amendment 

to  the  Mb.  O'Rourke. — No,  I  would  not  have  the  least  chance.     One  of 

(Continued)!   the  things  that  I  would  like  to  call  attention  to,  in  this  amendment, 

is  that  it  is  a  letter-ballot  of  the  whole  Board,  and  that  three  votes 

against  any  member  reject.     Now,  that  lets  out  all  this  thing  about, 

"  if  the  Board  of  Directors  had  the  voice  when  this  unworthy  person 

was  turned  down  in  the  pink  ballot,  he  would  have  got  in. "    It  does 

not  follow.     There  might  have  been  three  men  on  that  Board  who  had 

sense  enough  to  turn  down  a  man  asking  to  come  in.     That  is  not 

asking  too  much  from  this  fallible  Board  which  is  not  perfect.     We 

may  get  three  just  men  there.     Who  can  tell? 

What  can  be  more  ridiculous,  Mr.  Chairman,  and  Gentlemen,  than 
to  stand  here  and  say  that  it  is  a  democratic  method  that  we  have 
now,  and  that  it  ought  to  be  kept  up  in  spite  of  the  fact  that  the 
experience  of  every  other  body,  and  our  own  experience, proves  that  it 
is  wrong.  Who  votes  and  has  a  voice  in  favor  of  anybody?  No,  you 
can  go  to  the  Board  of  Direction  with  your  troubles,  if  you  have 
them,  in  regard  to  candidates,  and  the  Board  will  carefully  consider 
whether  your  troubles  are  real  or  not.  You  can  go  to  your  six  bosom 
friends  and  say  you  do  not  like  somebody,  and  he  is  rejected;  and  the 
Society  stands  helplessly  by  and  sees  him  shut  out.  You  can  send 
out  your  pink  ballots,  and  what  do  you  get?  You  get  ten  or  fifteen 
people  who  vote  against  every  pink  ballot,  and  then  you  get  the  great 
body  voting  on  the  pink  ballot  when  they  don't  vote  on  the  white 
ballot,  and  they  don't  vote  on  the  pink  ballot  unless  a  special  effort 
is  made  to  bring  out  the  vote. 

I  remember  when  the  discussion  was  had,  about  ten  years  ago,  on 
this  pink  ballot.  It  was  supposed  that  when  a  wrong  was  done,  every- 
body would  be  eager  to  right  it.  It  has  come  to  be  so  that  not  one- 
tenth  of  the  members  vote  now  for  anyone;  and  the  pink  ballots  don't 
have  anything  to  do  with  it.  They  say:  "We  don't  know."  The 
result  is  that  unless  efforts  are  made  to  bring  out  the  votes,  less  than 
10,%  of  the  body  votes,  and  10%  of  that  rejects.  So,  after  all,  with 
the  pink  ballot,  unless  you  make  an  effort,  1%  is  a  matter  of  rejection. 

This  thing  of  mistrusting  your  Board,  and  to  have  that  mistrust 
expressed  by  a  man  who  himself  has  been  a  member  of  the  Board,  and 
knows  the  absolute  slavery  of  the  membership  of  being  a  member  of 
the  Committee  on  Admissions — I  never  saw  anything  like  it,  gentle- 
men. I  have  never  seen  anything  like  the  way  in  which  the  letters  are 
weighed,  and  the  evidence  is  taken  against  anybody.  Unless  there  is 
the  strongest  appearance  of  injustice,  and  unfairness,  and  want  of 
truth,  in  the  objections  that  are  raised  against  a  man,  the  policy  of 
that  Committee  on  Admissions — and  I  have  seen  that  Committee 
changed  through  three  years — its  policy  is  always  to  give  the  Society 
the  benefit  of  the  doubt  against  a  man.     In  other  words,  the  Society 
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will  keep  every  one  out  who  cannot  prove  his  title  clear,  as  far  as  the 
Board  of  Direction  is  concerned.  How  is  it  with  the  outside  parties? 
The  people  who  waste  two  cents  on  a  white  ballot  that  does  not 
contain  a  blackball  are  simply  nil;  and  most  of  them  know  it. 

Now,  take  any  body :  Does  the  Institution  of  Civil  Engineers  elect 
its  members  through  the  general  body  ?  Do  any  of  the  large  clubs  do 
it?  Do  any  of  the  small  clubs,  even,  do  it,  without  making  trouble 
for  themselves? 

The  only  way  you  can  consider  a  man  justly,  in  view  of  the  rights 
that  every  engineer  professionally  qualified  has  to  membership  in  the 
Society,  whether  we  like  him  or  not,  if  he  is  worthy  otherwise,  that 
can  be  protected  by  the  Board  of  Direction,  and  it  cannot  be  protected 
by  putting  it  into  the  power  of  any  seven — sellers  of  material,  who, 
to  get  an  order,  any  old  thing  at  all  does  for  an  excuse  to  keep  a  man 
out,  so  long  as  they  don't  have  to  stand  behind  it,  and  I  say  seven 
will  answer.  I  say  it  is  the  opposite  of  democracy;  it  is  the  oppor- 
tunity for  unfairness,  and  it  is  the  opportunity  for  sneakery.  (Ap- 
plause.) 

Mb.  Green.— Mr.  President,  may  I  ask  how  the  Board  of  Direction 
determines  its  action  as  to  the  sending  out  of  either  the  white  or  the 
piok  ballot.  Isn't  it  done  by  a  majority  of  the  Board,  the  majority 
action  of  the  Board?  How  many  votes  in  the  Board  are  sufficient  to 
prevent  the  sending  out  of  a  pink  ballot,  or  what  is  the  action? 

The  Secbbtabt. — It  depends  upon  the  number  of  members  present 
at  a  meeting. 

Mb.  Green. — And  the  majority  of  thoBe? 

The  Secretary. — The  majority  of  those.  I  might  say  that  the  dif- 
ference, if  you  will  allow  me  a  minute,  the  difference  between  the 
action  of  the  Board  under  this  proposed  amendment,  as  I  understand 
it,  and  the  present  action  of  the  Board,  in  the  case  of  applicants  for 
membership,  is  that  the  action  is  taken  at  a  meeting  now  where  five 
members  constitute  a  quorum,  and  by  a  majority;  whereas,  under  the 
amendment,  this  is  by  a  letter-ballot  of  the  whole  body,  as  I  under- 
stand the  amendment. 

Mb.  Green. — I  am  asking  how  the  Board  now  decides  ballots;  I 
think  it  is  done  by  a  majority  of  the  Board. 

The  Secretary.— Not  a  majority  of  the  Board,  but  a  majority  of 
those  present. 

Mb.  Green. — By  a  majority  of  those  present.  Then  I  would  say  to 
Professor  Bicketts  that  it  might  be  very  likely  that  the  Board,  in  send- 
ing out  either  the  white  or  the  pink  ballot,  may  have  voted  unani- 
mously on  it,  and  that  if  a  minority,  or  at  least  a  sufficient  minority 
in  that  Board,  which,  under  the  proposed  amendment  to  the  amend- 
ment, say,  three  votes,  had  existed,  that  white  ballot  would  not  have 
gone  out  in  the  first  place,  and  probably  the  pink  ballot  would. 
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IAmendm1n?  ^e  point  I  make  is  that,  under  the  proposed  amendment  to  the 
to  the  amendment,  a  small  number  of  negative  votes  in  the  Board  will  defeat 
(Continued).  ftny  candidate.  That  is  not  possible  now.  A  small  number  of  votes, 
under  this  proposition,  would  defeat  any  candidate,  would  it  not? 

The  Segbetabt. — Yes,  sir. 

Mb.  Gbeen. — That  would  be  a  minority  of  the  Board,  if  seven  mem- 
bers were  present.  I  was  a  member  of  the  Committee,  last  year,  which 
reported  against  the  proposed  amendment  of  this  kind.  I  was  the 
one  minority  member.  It  would,  perhaps,  be  interesting  for  the 
Society  to  know  that  that  Committee  never  held  a  personal  meeting. 
There  was  but  one  other  member  upon  the  Committee  with  whom  I 
was  personally  acquainted.  The  way  we  came  to  make  the  report 
was  through  a  very  little  correspondence,  and  I  did  feel  that  some 
of  my  colleagues  might  not  have  had  the  opportunity  to  familiarise 
themselves  with  this  question,  as  they  would  have  had  if  we  had  got 
together  and  talked  it  over. 

I  believe  that  this  proposed  amendment  is  a  most  excellent  thing, 
on  general  principles.  Both  Mr.  Prout  and  the  proposer  of  the  amend- 
ment have  stated  my  views  of  the  thing  very  fairly.  It  is  not  a  very 
important  question,  as  far  as  the  expense  is  concerned,  but  it  seems 
to  me  that  the  Board  of  Direction  has  practically  and  entirely  the 
whole  thing  in  its  own  hands  now,  and  when  the  majority  of  that  Board 
decides  to  send  out  a  letter-ballot,  let  it  go  out,  and  the  members  of 
the  Society  vote  on  it  with  what  little  light  they  have,  which  is  very 
little,  usually;  and  when  they  decide  to  send  out  the  pink  ballot,  it  is 
the  same  way ;  they  have  come  to  the  best  conclusion  they  can,  by  the 
majority,  and  then  they  have  to  throw  the  whole  thing  over  to  the 
Society  to  be  acted  upon  with  but  very  little  knowledge,  and  very  few 
votes  come  in.  It  seems  to  me  to  be  a  very  clumsy  arrangement,  and 
that  it  would  simplify  matters  very  much,  and  be  much  to  the  advan- 
tage of  the  Society  if  the  Board  should  attend  to  the  whole  matter. 
It  would  feel  the  responsibility  more  keeoly.  It  can  act  upon  the 
nominations  for  membership  most  intelligently,  and  it  will  not  be 
obliged  to  throw  anything  upon  the  Society  when  unable  to  conclude 
the  matter  in  a  Board  meeting  unanimously. 

George  Hill,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  there  has  been 
one  criticism  made  which,  in  my  experience,  is  not  well  founded.  I 
know  that,  in  my  own  experience,  in  obtaining  admission  to  the  Society, 
opposition  was  met  which  never  dared  show  its  head,  and  that  oppo- 
sition was  kept  up  among  the  membership.  It  was  simply  a  matter  of 
personal  prejudice,  and  was  finally  overcome.  I  have  had  other  mem- 
bers of  the  Society  request  me  to  vote  against  members  for  admission, 
for  reasons  which  I  am  very  sure  those  men  would  not  put  on  paper, 
and  sign  with  their  own  names  and  submit  to  the  Board  of  Direction; 
that  is  to  say,  for  purely  personal  reasons  in  no  way  connected  either 
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with  the  personal  fitness  of  the  candidate  to  be  a  member  of  the  Society, 
or  with  his  professional  qualifications. 

The  Board  of  Direction  will  occupy  the  position  of  a  jury,  and 
will  waive  all  good  reasons  against  the  promotion  or  the  admission  of 
a  candidate.  They  are  best  fitted  to  perform  that  function,  because 
membership  in  this  Society  is  not  and  should  not  be  gauged  by  the 
man's  personal  acceptability  to  the  various  members  of  the  Society, 
"but  by  his  professional  qualifications,  and  his  personal  cleanliness. 
This  is  not  a  social  club,  where  those  who  are  in  it  are  to  determine 
upon  the  availability  of  those  who  are  to  come  in,  according  to  their 
personal  acceptability,  but  it  is  a  Society,  as  has  been  stated,  where 
the  only  qualifications  are  personal  cleanliness  and  professional  stand- 
ing, and  for  that  reason  the  personal  element  ought  to  be  eliminated 
as  far  as  possible. 

This  proposed  amendment  is  nothing  more  than  the  logical  devel- 
opment of  the  method  of  admitting  members  to  the  Society,  whioh 
has  been  a  matter  of  slow  growth,  year  by  year,  modified  from  time 
to  time,  in  order  to  meet  the  conditions  as  they  arise.  It  has  now 
.reached  the  point  where  it  should  be  the  belief  of  every  thinking 
member  of  the  Society  that  the  change  is  an  absolute  necessity  in  order 
to  secure  the  best  work  of  the  Society  for  itself. 

In  regard  to  the  action  by  the  Board  on  the  application  of  candi- 
dates, I  know,  of  my  own  knowledge,  that  the  Board  does  give  con- 
sideration to  the  voice  of  the  members.  I  know  of  a  case  where  an 
applicant  whose  name  was  sent  out  on  the  blue  list  never  got  any  fur- 
ther. What  the  action  of  the  Board  was,  I  don't  know.  I  do  know 
that  I  wrote  out  what  I  thought  of  that  candidate,  signing  my  name 
to  it,  and  sent  it  to  the  Board,  and  I  know  that  the  name  did  not  go 
out  to  the  voters.  Whether  that  was  backed  up  by  anybody  else  or 
not,  I  don't  know.  My  objection  to  that  man  was  simply  on  his  pro- 
fessional qualifications. 

At  12. 15  P.  M.  Past-President  J.  James  B.  Oroes  took  the  chair. 

Robert  Moobe,  President,  Am.  Soc.  C.  E. — Mr.  Chairman,  I  can- 
not let  a  matter  of  this  importance  pass  without  having  another 
proposition  which  has  been  made,  in  this  regard,  brought  at  least  to 
the  attention  of  the  meeting.  The  matter  itself  is  one  of  the  very 
greatest  importance.  The  method  of  selecting  our  membership  is 
certainly  one  that  cannot  be  exceeded  in  importance  by  any  subject 
that  can  be  brought  before  this  body. 

The  present  method,  while,  in  the  main,  it  has  worked  satisfacto- 
rily, I  think,  has  not  worked  satisfactorily  in  all  cases.  There  have 
been,  undoubtedly,  malicious  and  unjustifiable  exclusions  from  the 
Society.  I  have  not  the  experience  that  many  of  those  who  have  served 
practically  upon  the  Committee  of  Admissions  have  had,  but  I  know 
that  this  is  the  fact.     Now,  the  remedy  for  that,  which  is  suggested 
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Discussion  on  by  this  amendment  to  the  amendment,  is  to  revolutionize  completely 
to  the  the  former  plan,  and  to  throw  the  whole  matter  into  the  power  of  the 
(Continued)1.   Board  of  Direction. 

Now,  there  is  another  suggestion  which,  I  think,  was  made  to  this 
meeting  a  year  ago,  which,  so  far  as  I  know,  was  first  brought  before 
a  meeting  of  the  local  members  of  the  American  Society  of  Civil  Engi- 
neers at  St.  Louis,  which  was  to  solve  the  difficulty,  not  by  throwing 
the  election  into  the  Board  of  Direction,  but  by  increasing  the  number 
of  negative  votes  required.  Now,  in  a  membership  as  large  as  ours,  I 
think  it  may  be  admitted  that  seven  votes,  which  is  but  a  fraction  of 
1%  of  the  total  number  of  Corporate  Members,  is  too  small  a  number, 
and  that  it  needs  to  be  remedied  in  some  way,  and  the  suggestion  at 
that  time — and  I  think  it  is  a  suggestion  which  has  been  canvassed  in 
the  Board  of  Direction — was  that  the  number  be  increased  to  approx- 
imately 1%  of  the  total  number  of  Corporate  Members,  which,  at  the 
present  time,  would  be  twenty  or  twenty-one. 

Now,  I  think  a  great  many  members,  perhaps  not  as  well  informed 
as  some  others,  would  prefer  a  method  of  that  kind  to  one  which  is 
so  entirely  revolutionary  as  the  one  which  has  been  suggested  by  Mr. 
O'Rourke's  amendment,  and  I  think  that  this  plan  ought  to  be  brought 
to  the  attention  of  this  meeting.  This  matter  was  considered  by  a 
Committee  of  the  Board  of  Direction,  I  believe  not  approved  by  the 
Board  of  Direction,  but  a  report  was  made  which  substantially  em- 
bodies that  idea,  and,  personally,  it  seems  to  me  that  it  would  be 
probably  the  best  aotion  to  take  at  the  present  time.  It  seems  to  me 
that  it  would  probably  cure  nine-tenths,  if  not  the  whole,  of  the 
malicious  blackballing,  which  is  now  complained  of,  and  which  is 
sought  to  be  remedied,  and  if  so,  it  would,  I  think,  be  a  safer  remedy, 
and  one  which  would  greatly  relieve  the  Board  of  Direction  of  the 
responsibility,  which  they  certainly  are  not  anxious  to  take,  of  bear* 
ing  the  whole  burden  of  the  election  of  members  to  the  Society. 

The  gist  of  this  proposed  other  plan  is  contained  in  this  clause: 

' '  The  ballots  shall  be  letter-ballots,  in  a  form  to  be  prescribed  by 
the  Board  of  Direction.  They  shall  be  mailed  to  each  Corporate 
Member  whose  address  is  known,  and  shall  state  the  date  on  which 
the  ballot  is  to  be  canvassed,  and  which  shall  be  not  less  than  twenty 
days  after  the  issue  of  the  ballot.  Twenty  or  more  negative  votes 
shall  exclude  from  election. " 

If  that  twenty  were  made  1%  of  the  Corporate  Members,  as  at  the 
time  being,  or  at  the  time  of  the  last  list  of  membership,  I  think  that 
it  would  go  a  long  way  toward  curing  the  trouble  which  is  now  sought 
to  be  remedied. 

Mb.  O'Rourke. — Mr.  Chairman,  in  relation  to  what  Mr.  Moore  has 
just  read,  the  report  of  that  committee  was  made  to  the  Board  of 
Direction,  and  the  reasons  given  by  the  committee  were  much  the 
same  as  those  given  now  by  Mr.  Moore  for  making  that  report.     It 
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watt  not  that  they  considered  it  the  best  action,  tmt  they  considered 
it  the  action  that  would  be  most  likely  to  meet  the  difficulty,  and  at 
the  same  time  meet  with  the  approval  of  the  general  body  and  of  this 
meeting.  In  other  words,  they  believed  that  what  my  amendment  to 
the  amendment  embodies  was  the  best.  It  was  passed  upon  by  the 
Board,  and  approved  by  the  Board  as  a  substitute  for  this  action  of 
their  own  committee,  and,  as  I  am  no  longer  a  member  of  the  Board, 
it  was  thought  that  it  would  be  perfect  good  taste  in  having  it  pre- 
sented by  me,  not  as  being  the  action  of  the  Board,  but  it  was  their 
belief  that  it  was  the  proper  thing  to  do. 

Mr.  Moore,  himself,  states  that  it  is  not  the  best  thing  to  do,  this 
election  of  members  by  an  uninformed  body,  as  it  is  absolutely  im- 
possible to  inform  that  body  as  to  the  qualifications  of  anybody,  and 
right  was  considered  as  something;  but  they  had  this  belief,  which  I 
do  not  believe,  even  though  this  meeting  votes  against  this  amend- 
ment. 

My  belief  is  that  the  Society  wants  to  do  what  is  right,  even  when 
it  is  radical,  and  the  right  thing  to  do  is  what  every  other  Society 
does,  elect  your  members  by  a  body  which  is  qualified  to  do  it,  by  the 
knowledge  which  is  brought  to  them,- and  by  the  knowledge  which 
they  themselves  possess,  and  that  is  why  this  suggestion  cannot  be 
considered  ;  for,  of  course,  we  cannot  consider  an  amendment  to  an.  j 

amendment,  because  you  have  either  to  accept  or  reject  that  amend-  i 

ment  to  the  original  amendment  proposed  as  it  is  offered,  and  if  you 
don't  want  to  do  anything  radical,  and  rather  prefer  to  do  something  ! 

which  is  half  right  and  partly  radical,  why  it  is  up  to  you  to  do  it 
that  way.     (Applause.) 

C.  F.  AiiLBN,  M.  Am.  Soc.  G.  £. — It  seems  to  me  that  the  gentle- 
man who  has  proposed  the  amendment  to  the  amendment  has  come 
near  proving  too  muoh.  He  rather  protests  that  the  Board  of  Direc- 
tion ought  to  be  trusted.  Why  doesn't  he  protest  that  the  Society 
ought  to  be  trusted?  Why  can't  you  trust  the  Society  as  well  as  trust 
the  Board  of  Direction? 

I  believe  you  can,  but  the  objection  is  urged  that  there  are  some 
bad  members  in  the  Society.  How  did  they  get  there?  They  went 
by  the  Board  of  Direotion,  if  they  got  there  at  all. 

Now,  there  is  no  way  of  doing  this  thing  right.  There  is  no  way 
of  handling  it,  so  far  as  I  can  see,  in  which  the  action  will  be  satis- 
factory. If  you  entrust  it  to  the  Board  of  Direction,  the  work  will  not 
be  efficiently  done.  Men  will  go  by  who  ought  not  to  go  by.  If  you 
entrust  it  to  the  Society,  men  will  be  rejected  who  ought  not  to  be 
rejected.     There  is  no  escape  from  those  propositions,  it  seems  to  me. 

Not  many  years  ago,  in  talking  upon  this  particular  matter,  I 
talked  with  a  member  of  the  Society  who  had  been  in  the  Board  of 
Direction,  the  Chairman  of  the  Board  of  Direction — a  man  in  high 
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Discussion  on  esteem  in  the  Society — and  his  criticism  was  that  it  was  undesirable 
Amendment  - 

to  the        that  the  matter  Bhould  be  thrown  into  the  Board  of  Direction ;  that,  in 

(Contoued?.   k*B  experience,  the  action  of  the  Board  of  Direction  at  times  had 

been  such  that  it  was  unwise  to  put  the  whole  matter  into  its  hands. 

It  certainly  is  true  that  cases,  as  he  suggested,  had  gone  by,  had  gone 

through  the  Board  of  Direction,    that    ought   not   to.      Certainly, 

members  have  been  at  first  rejected,  and  have  been  again  rejected, 

when  they  ought  not  to  have  been  rejected. 

We  then,  substantially,  meet  the  proposition,  what  shall  we  do? 
Shall  we  take  the  chance  of  shutting  out  a  good  man,  or  shall  we  take 
the  chance  of  letting  in  a  bad  man?  I  believe  that  we  want  to  resist 
the  chance  of  taking  in  the  bad  man.  I  believe  that  it  is  a  mistake, 
on  the  whole,  to  take  the  affair  ont  of  the  hands  of  the  members. 

It  is  perfectly  true,  as  one  of  the  previous  speakers  has  stated, 
that  I,  or  other  members,  may  be  entirely  satisfied,  but  it  may  be 
absolutely  impossible  for  us  to  prove,  that  he  is  an  undesirable  mem- 
ber, and  yet  our  instincts  are  so  clear  and  right,  upon  the  best 
motives,  upon  the  best  qualifications  for  membership,  that  the  ballots 
ought  to  be  cast  against  the  candidate. 

It  is  said  that  seven  bad  members  may  cause  the  rejection  of  a 
good  candidate.  Why  can't  five  members,  who  are  the  only  members 
who  know  an  applicant — five  bad  members — why  can't  they  put  the 
man  into  the  Society?  Where  does  the  Board  of  Direction  get  its 
information,  except  from  those  five  men? 

There  are  a  good  many  sides  to  it,  I  believe,  and  we  want  to  hesitate 
before  we  take  the  power  from  the  hands  of  the  individual  members, 
who,  locally,  are  able  oftentimes  to  have  facts,  which  are  the  proper 
thing  as  the  basis  of  admission — some  of  the  people,  locally,  may 
have  facts  that  do  not  really  come  to  the  Board  of  Direction.  The 
Board  of  Direction  has  a  good  deal  to  do;  they  are  busy  men;  they  are 
not  able  always  to  get  at  the  facts  definitely.     (Applause.) 

J.  N.  Greene,  M.  Am.  Soc.  C.  E.— Mr.  Chairman,  I  want  to  ask 
Mr.  O'Bourke,  as  a  matter  of  information,  how  the  Board  of  Direction 
gets  information  and  knowledge  as  to  candidates  for  this  Society,  and 
gets  information  which  is  definite  enough,  and  positive  enough,  to 
settle  this  question  whether  a  man  shall  be  admitted  or  not? 

Now,  I  cannot  see,  from  the  debate,  as  far  as  it  has  gone,  any  plan, 
and  I  ask  Mr.  O'Bourke,  in  having  been  a  member,  what  is  the  modus 
operandi  at  present,  if  any,  which  is  taken  to  find  out  the  qualifications 
of  a  candidate  when  he  asks  to  be  admitted  to  this  Society? 

Mb.  O'Bourke. — Mr.  Chairman,  the  modus  operandi,  so  to  speak,  is 
to  send  ont  a  blue  list,  notifying  the  whole  body  of  the  Society  of  the 
application  of  the  person  for  membership,  and  requesting  confidential 
information.  That  is  done  to-day.  That  information  goes  to  the 
Committee  on  Admissions,  and  I  have  known  cases  where  four  men,  and 
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often  more,  were  turned  down  by  the  Committee  on  Admissions  at  a 
single  meeting,  dne  to  the  evidence  that  was  received  as  to  the  unworthi- 
ness  of  the  applicant;  and,  further,  if  information  is  received  against 
Anybody  which  does  not  bear  the  stamp  of  truth  on  it,  the  Committee 
on  Admissions,  though  they  are  busy  men,  go  further  into  the  matter. 
The  name  is  put  back,  and  put  back,  and  put  back,  until  they  are  fully 
satisfied.  They  take  cognizance  of  the  right'  of  the  good  man  to  come 
in,  as  well  as  the  right  of  the  Society  to  exclude  tbe  bad,  and  that  is 
something  that  cannot  be  done  by  the  body  at  large,  and  that  is  some- 
thing that  it  does  not  do  to-day.  It  does  not  vote;  it  does  not  consider. 
Only  those  who  have  anything  to  say  against  anybody— and  their 
saying  is  merely  a  black  mark — those  are  the  ones  who  really  com- 
municate anything  to  the  election,  and,  further,  Mr.  Chairman,  that 
is  considered  afterward  by  the  Board. 

Now,  in  the  discussion,  the  point  seems  to  be  missed  that,  while 
to-day  a  majority  of  those  present,  voting  in  favor  of  a  thing,  will 
carry,  though  they  may  not  be  a  majority  of  the  whole  Board,  this 
amendment  provides  that  all  the  information — of  course,  that  is  in 
the  Board  itself,  to  give  information  to  the  members — the  Board  as  a 
whole  will  have  to  vote  on  every  name  that  is  brought  up,  and  three 
members  of  the  Board  will  be  sufficient  to  exclude,  voting  in  the 
negative. 

Mb.  Greene. — I  was  quite  aware  of  the  blue  list  and  of  the  manner  of 
sending  it  out,  but  what  I  want  to  get  at  is,  if  there  is  anything  in  the 
Board  of  Direction,  aside  from  what  Mr.  O'Rourke  has  just  stated, 
that  would  enable  the  Board  to  decide  this  question  any  more 
accurately  or  justly  than  it  is  being  decided  in  this,  it  seems  to  me, 
too  loose  way  we.  have  now.     Is  there  any  other? 

Mb.  O'Roubke. — They  take  whatever  evidence  they  get.  It  is  up 
to  the  members  to  furnish  the  Board  with  objections,  and  that  is  done 
all  the  time.  It  is  a  great  mistake  to  think  that  every  name  that  goes 
out  on  the  blue  list  comes  out  on  the  white  list  afterward — it  is  far 
from  that. 

Mb.  Greene. — It  seems  to  me  to  be  evident  to  every  member  of  the 
Society  that  it  is  a  very  embarrassing  thing,  and  a  very  difficult  thing, 
for  him  to  take  a  blue  list,  about  which  he  may  know  something,  or 
little,  or  much,  or,  perhaps,  not  anything,  and  he  hesitates  before  he 
•discriminates  againbt  a  man  and  sends  information  to  the  Board, 
unless  he  has  positive  knowledge.  It  would  not  be  fair  for  him  to  do 
it  unless  he  had. 

Now,  it  seems  to  me,  the  difficulty  in  this  matter  is  that  this  thing 
is  not  concentrated  in  any  workable,  proper  manner.  It  seems  to  me 
that  there  ought  to  be  a  committee  of  this  Board  of  Direction  whose 
business  it  shall  be,  confidentially,  to  ascertain  the  facts,  and  whose 
business  it  shall  be  to  keep  everything  of  that  kind  that  they  get  into 
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Diseuwdon  on  their  possession  positively  and  absolutely  to  themselves,  and  not  as 
to  the        the  gentleman  over  there  has  described,  that  he  has  known  of  oases 
^Continued?.   wnere  the  Directors  have  given  out  information  by  which  men  were 
rejected,  which  is  a  very  unjust  thing,  as  we  all  agree. 

Now,  this  matter  of  getting  into  this  Society  as  a  member  should 
not  be  looked  upon  as  so  small  a  thing  as  not  to  attract  anybody's* 
attention.  It  is  a  great  thing  to  be  a  member  of  this  Society,  if  men 
would  only  look  at  it  that  way. 

Now,  what  is  our  position  in  this  matter?  We  are  entrusted,  more 
than  any  other  body  of  men  on  this  continent,  with  the  expenditure 
of  capital  for  the  improvement  of  the  public  works  of  this  country 
and  the  country's  general  good,  and  we  are  called  upon,  and  should 
be  held  right  up  to  the  mark,  that  we  make  good  that  expectation  of 
the  public,  because  the  man  who  takes  a  position  as  an  engineer  and 
disburses  millions  of  money  should  be,  beyond  any  question,  rock- 
bound  in  his  integrity,  and  naturally  he  should  be  well  advised,  well 
educated  by  experience,  and  show  his  ability  to  cope  with  the  subjects 
that  may  come  before  him. 

I  make  the  statement  here,  and  I  believe  it  is  true,  that,  for  two 
reasons,  more  money  has  been  waBted  on  the  public  works  of  this 
country  in  the  last  fifty  years  than  it  would  take  to  pay  the  public 
debt  of  this  country  when  our  Civil  War  closed.  What  are  those  two 
reasons?  They  are  very  lucid,  and  very  short,  and  very  nubby.  First, 
the  brains  and  ability  and  knowledge  of  the  business  that  the  man 
who  has  the  matter  in  hand,  whether  he  is  able  to  cope  with  it  and 
do  it  properly,  and  the  next  is,  whether  he  has  got  such  integrity  at 
rock-bottom  that  he  will  do  justice  between  the  parties,  let  what  will 
come. 

.  Now,  we  know  that  men  have  got  into  such  positions  in  this 
country ;  for  instance,  this  matter  in  Savannah,  a  few  years  ago,  by  a 
United  States  officer,  educated,  I  believe,  at  West  Point,  and  now 
serving  time,  in  a  western  penitentiary,  for  stealing.  There  was  a  man, 
educated  at  his  country's  expense,  and  it  seems  to  me  the  only  mis- 
take that  was  made  in  that  man's  case  was  that  he  had  not  gone  to 
State's  Prison  before  he  went  to  West  Point;  then  he  could  not  have 
done  this  mischief. 

There  ought  to  be  some  way  in  which  this  Society  can  exact  from 
the  candidates  who  want  to  come  into  it  facts  and  information  suffi- 
cient to  give  the  Board  of  Direction — or  whoever  is  left  to  decide  this- 
question  of  who  shall  come  in  and  who  shall  stay  out — absolute  knowl- 
edge enough  so  that  they  will  feel  that,  conscientiously,  they  are  safe 
in  letting  a  man  in,  or  they  are  acting  exactly  as  honestly  in  saying 
that  he  cannot  come  in. 

It  seems  to  me,  Mr.  Chairman,  that  something  of  that  kind  should 
be  done  in  the  Board  of  Direction,  if  this  amendment  passes.  Now, 
what  is  everybody's  business  is  nobody's  business,  is  an  old  saw — 
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older  than  any  of  us  here — and  if  this  amendment  be  passed,  and  the 
Board  then  appoints  a  sub-committee  whose  duty  it  shall  be  to  do 
that,  and  make  it  their  business  to  see  to  it,  it  seems  to  me  that  this 
question,  and  this  trouble,  will  be  largely  removed,  and  very  easily; 
but  I  do  not  see  how  it  ever  can  be  done,  in  the  modus  under  which  we 
are  now  proceeding. 

Mb.  Rickbtts. — Mr.  Chairman,  I  would  like  to  ask  a  question.  It 
is  assumed  that  members  of  the  Board  of  Direction  who  may  reside 
in  California  are  to  vote  intelligently  on  eaoh  application.  Suppose 
a  member  shows  a  letter  to  the  Board  in  which  he  says  that  he  knows 
or  believes  that  a  certain  applicant  is  a  blackguard  and  a  rascal,  do  I 
understand  that,  under  this  amendment,  the  Board  intend b  to  print 
that,  and  send  it  out  through  the  United  States  mails  to  the  different 
members  of  the  Board  throughout  the  United  States?  And,  if  they 
don't  do  that,  how  can  the  various  members  of  the  Board,  distributed 
throughout  the  United  States,  vote  intelligently  in  any  case? 

Mb.  O'Rourkb. — The  best  answer  to  that,  Mr.  Chairman,  is  to  state 
what  is  the  practice  at  present  in  the  Board.  All  such  communica- 
tions, and  all  preliminary  considerations  of  an  applicant,  are  con- 
sidered by  a  committee  similar  to  the  committee  that  Mr.  Greene  has 
spoken  of,  who  take  all  these  facts  into  consideration,  and  when  the 
name  comes  before  the  Board  they  recommend  either  that  he  be 
accepted  or  rejected.  Usually,  the  rejection  follows  in  any  case.  I 
have  never  known  of  a  name  to  go  by  that  committee,  so  that,  even  if 
the  Board  was  present,  and  even  if  they  had  this  stuff  piled  up  there 
in  a  basket  before  them,  they  would  never  even  ask  for  it,  or  ask  to* see 
it,  if  the  Committee's  report  on  the  man  who  is  not  favored  by  them 
is  presented ;  I  have  never  known  of  a  case  that  it  was  not  so  con- 
sidered by  the  action  of  the  Board.  There  may  be  a  few  instances,  of 
course,  but  I  am  probably  proceeding  too  far;  but  I  am  talking  about 
the  general  practice.  The  confidence  of  the  Board  in  this  Committee 
is  so  great  that  they  rarely  go  beyond  that,  if  there  is  any  reason  to 
believe  that  he  is  not  worthy.  No  matter  what  would  be  the  pro- 
ceeding under  this  amendment,  I  would  say  that  whenever  any  real 
occasion  arose  for  communicating  to  everybody  on  the  Board,  means 
will  be  found  to  do  it.     I  think  we  can  trust  the  Board  for  that. 

There  is  no  doubt  about  it  that  the  only  way  you  can  sift  a  thing 
like  that  is  to  sift  it  through  a  committee,  and  once  your  commit* 
tee  has  given  its  conclusions  on  the  matter,  if  you  want  to  go  behind 
the  committee,  then  it  is  time  to  go  about  it. 

Mb.  Bioketts. — In  other  words,  this  local  committee,  which  must 
necessarily  be  a  local  committee,  is  to  determine  who  shall  be  mem- 
bers and  who  shall  not  be  members  of  the  Society.     (Applause. ) 

E.  P.  North,  M.  Am.  Soc.  C.  E.— Mr.  President,  I  listened  with  a 
great  deal  of  pleasure  to  Mr.  O'Rourke's  description  of  the  proceedings 
before  the  Committee  on  Admissions.     It  does  not  quite  agree  with  a 
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Discussion  on  little  bit  of  experience  I  had,  I  think  before  Mr.  Bicketts  was  a  member 
^ST*   of  the  Board. 

(Continued?  *  8aw  ^  fcne  ^ue  **st  *ne  name  °*  an  applicant  who,  I  thought,  was 
unfit  for  membership.  I  wrote  to  the  Board  of  Direction  that,  before 
his  name  was  passed  to  ballot,  I  might  be  farther  communicated  with, 
as  I  would  like  to  make  a  personal  communication.  The  next  month 
the  name  came  out  on  the  ballot  list.  I  inquired  about  the  thing,  and, 
while  I  cannot  make  any  official  statement,  I  think  I  am  justified  in 
mentioning  my  suspicion  that  the  name  was  examined,  one  among  oyer 
sixty,  on  a  very  hot  September  Tuesday,  and  the  fact  was  that  they  did 
not  get  to  my  letter  at  all,  but  passed  the  man  among  that  number,  as 
I  take  it. 

Now,  that  is  an  extreme  case,  I  am  perfectly  willing  to  admit,  and 
I  wish  to  urge  that  it  is  an  extreme  case;  but  I  wish  to  say  to  the  mem- 
bers  of  this  Society  that  if  this  proposed  change  in  the  Constitution 
is  made,  one  provision  against  the  admission  of  unworthy  members  is 
swept  away.  It  does  not  make  much  difference  to  the  older  men  in  the 
profession  what  reputation  a  young  man  has,  but  a  young  man  who  is 
looking  for  a  place,  and  says  he  is  a  member  of  the  American  Society  of 
Civil  Engineers,  is  very  severely  handicapped  by  the  knowledge  that 
another  member  of  the  Society  is  unworthy  of  the  name,  either  of  a  civil 
engineer  or  a  man.     (Applause.) 

G.  F.  Swain,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  I  am  heartily  in 
favor  of  Mr.  O'Rourke's  amendment.  I  hope  it  will  be  adopted.  I 
believe  in  concentrating  responsibility,  and  I  do  not  know  of  any  better 
place  to  concentrate  responsibility  than  upon  the  Board  of  Direction 
of  this  Society.  It  is  the  way  that  every  large  corporation  does  busi- 
ness; it  is  the  way  that  a  great  many  of  the  large  clubs,  if  not  all  of 
them,  and  many  of  the  professional  societies  elect  members. 

I  think  that  we  might  trust  the  Society,  as  Professor  Allen  suggests, 
if  the  Society  had  information,  and  if  the  Society,  and  every  member 
of  the  Society,  or  every  seven  members  of  the  Society,  would  act 
squarely.  I  do  not  believe  in  giving  seven  members  of  the  Society  an 
opportunity  to  stab  a  man  in  the  back  for  personal  reasons.  If  there 
are  seven  members  of  the  Society  who  think  that  a  man  ought  not  to 
be  admitted,  they  certainly  can  bring  information  enough  into  the 
possession  of  the  Board  of  Direction  to  enable  that  Board  to  form  a  fair 
opinion  of  the  justice  of  their  reasons. 

I  think  that  it  must  not  be  lost  sight  of  that  the  proposed  amend- 
ment will  change  the  present  mode  of  procedure  of  the  Board,  Five 
members  of  the  Board  now  constitute  a  quorum,  I  believe,  and  three, 
therefore,  would  enable  a  meeting  of  the  Board  to  pass  a  candidate 
for  ballot.  That  is  the  way  in  which,  perhaps,  some  unworthy  men 
have  become  elected,  have  been  passed  to  ballot,  as  Professor  Allen 
states. 
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The  mode  of  procedure  proposed  by  Mr.  O'Rourke  would  require 
the  Board  of  Direction  to  vote  by  letter-ballot.  I  do  not  see  that  there 
is  any  difficulty,  as  Mr.  Rioketts  seems  to  think,  in  getting  information 
to  the  various  members  of  the  Board  in  regard  to  the  unworthiness  of 
certain  candidates.  If  a  member  of  this  Society  knows  that  a  can- 
didate is  a  blackguard,  and  writes  to  the  Board,  giving  his  infoima- 
tion,  it  is  just  as  easy  to  write  to  the  various  members  of  the  Board 
and  give  them  the  facts.     There  is  no  difficulty  about  that. 

Ibelieve  in  concentrating  responsibility  in  the  Board,  and  I  think 
very  likely  the  Board  would  modify,  to  some  extent,  its  procedure. 
Responsibility  always  makes  a  man  more  careful.  The  Board  is  very 
careful  now;  I  know  from  experience  how  much  care  is  taken  by  the 
Board  on  the  admission  of  candidates,  and  how  carefully  they  consider 
every  candidate.  I  cannot  conceive  at  the  present  time  of  any  letter 
from  Mr.  North  not  having  been  given  great  consideration.  I  don't 
know  how  it  was.  It  was  many  years  ago,  perhaps  ;  but  I  know  how 
it  is  at  present,  and  I,  therefore,  am  strongly  in  favor  of  the  amend- 
ment of  Mr.  O'Rourke.  (Applause.) 

Mb.  North. — I  would  like  to  ask,  before  the  Professor  sits  down, 
definitely,  if  it  is  much  better  to  allow  three  or  five  men  to  stab  a  man 
in  the  back  than  seven  ?  It  roally  comes  to  the  Board  of  Direction,  a 
smaller  number  of  Directors  than  is  required  now,  preventing  abso- 
lutely a  man's  election.  The  Directors  are  taken  from  the  main  body 
of  the  Society,  and  I  do  not  understand  that  they  are  much  more 
*'  reliable  than  those  of  us  who  are  not  Directors,  and  are  fully  as  able 

l*  to  stab  a  man,  I  take  it  (laughter). 

r  Mb.  Gbebm.  — It  is  a  great  deal  safer  for  the  Society  to  reject  a  good 

man  this  year,  if  he  can  be  admitted  later,  when  more  information  about 
*-  him  can  be  secured  than  could  be  had  in  the  first  place,  than  it  is 

to  let  an  unqualified  man  come  in.    If  there  is  anything  at  all  of  value 
F  to  the  members,  or  anything  at  all  in  membership  in  the  Society,  it 

^  should  be  the  standing  of  its  members  as  good  engineers,  and  if  an 

itf  unworthy,  unqualified  man  gets  in,  he  is  in  there  to  stick,  and  you 

tfT  cannot  get  him  out,  but  you  can  very  easily  put  in  a  qualified  man 

[I-  who  has  been  passed  over  the  first  year  for  lack  of  information,  or 

i*  because  someone  wishes  to  stab  him  in  the  back,  and  elect  him  after  a 

ctf  while. 

#*'  I  think  the  Board  of  Direction  can  be  entirely  trusted  in  this  busi- 

ness, and  if  five  members,  only,  constitute  a  quorum  before  theletter- 
i^:  ballot  was  sent  out  to  all  the  members  to  vote  upon  the  candidate, 

i,  f  and  it  happens  to  be  found  that  three  out  of  those  five  vote  against 

,d^'  him  on  the  spot  because  there  is  some  question  about  the  candidate, 

i0#'  it  is  not  necessary  to  send  out  the  ballots  to  all  the  membership.     It 

tb?:  seems  to  me  that  we  are  straining  at  a  gnat  and  swallowing  a  camel, 

jar)-  Mr.  Rickett's  case  has  been  entirely  taken  care  of  and  disposed  of  in 
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Discussion  on  the  particular  -way  that  it  came  up,  if  the  minority  who  may  have 

to  the  voted  against  the  candidate  at  that  time  had  been  three  in  number. 
(Continued?.  I  believe,  as  do  many  others,  in  holding  np  to  a  very  high  standard 
the  candidates  for  membership  in  the  Society.  I  think  that  too  many 
men  get  in  now  who  are  lacking  in  the  qualifications  that  they  onght 
to  have;  they  might  wait  a  little  while.  A  good  many  young  fellows 
on  reaching  the  age  of  thirty  apply  for  membership  and  try  to  get  in, 
but  it  is  better  for  the  Society  that  the  Board  of  Direction  should 
scrutinize  these  applications  with  considerable  care,  and,  in  my 
experience,  it  is  safer  for  them  to  reject  them,  if  necessary;  and  I  say 
that  it  is  a  great  deal  better  for  the  Society  to  reject,  once  in  a  while,  a 
very  well  qualified  man,  a  desirable  man,  than  it  is  to  make  a  mistake 
and  elect  an  unqualified  man. 

(The  President  resumed  the  chair. ) 

T.  S.  White,  M.  Am.  Soc.  C.  E.— I  would  like  to  ask  the  President 
one  question  in  regard  to  the  amendment  that  he  spoke  of  and  sug- 
gested a  little  while  ago,  as  to  increasing  the  number  necessary  to 
exclude.  Have  there  ever  been  twenty  negative  votes  cast  against  any 
member  ? 

G.  I.  Bailey,  M.  Am.  Soc.  0.  E.— Mr.  President,  in  regard  to  this 
amendment  to  the  amendment  proposed  by  Mr.  O'Rourke,  I  wish  to 
say  that  I  am  opposed  to  it,  and  that  several  members  of  this  Society, 
who  do  not  live  in  New  York,  and  whose  associations  in  the  Society 
are  confined  to  receiving  its  publications,  and  the  communications 
mailed  from  the  Secretary's  office,  and  an  occasional  blue  list  and 
ballots  to  members,  are  opposed  to  it. 

If  abuses  have  been  made  in  the  election  of  members  to  this 
Society,  I  think  the  thing  to  do  is  to  get  at  those  abuses  and  stop 
them.  If  you  cannot  expect  the  members  to  vote  intelligently  and 
properly  for  admittance  of  candidates  to  their  own  membership,  I  do 
not  see  how  you  can  cure  that  evil  by  allowing  those  same  members  to 
vote  for  members  of  the  Board  of  Direction,  and  then  shifting  that 
responsibility  over  to  that  Board. 

I  believe  the  suggestion  made  by  yourself,  or  by  some  one  before, 
that  if  a  committee  of  seven  in  the  Society  may  keep  out  members,  then 
that  number  should  be  enlarged,  and,  as  you  say,  a  percentage  of  the 
whole  membership  of  the  Society,  or  else  a  percentage  of  the  whole 
number  of  votes  cast,  should  exclude.  The  pink  ballot  does  correct 
that  evil  of  seven,  as  has  been  demonstrated  a  number  of  times  in  the 
last  few  years,  but  for  these  up-country  members,  of  whom  I  am  one, 
we  like  to  have  something  to  say,  occasionally,  in  regard  to  the  Society , 
and  feel  perhaps  like  the  Americans  of  a  hundred  and  thirty  years  ago, 
when  they  had  the  little  tea-party  up  around  BoBton.  We  are  all 
taxed  for  the  Society,  we  pay  our  dues,  and  we  want  something  to  say 
for  it,  and  if  we  are  not  competent  to  pass  upon  our  own  members,  I 
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do  not  believe  in  appointing  some  nurse  to  do  it  for  us;  give  ns  all  a 
chance.     (Cries  of  Question.) 

The  President. — The  question  is  called  for.  The  question  is  upon 
the  amendment  to  the  amendment  offered  by  Mr.  O'Rourke,  which,  I 
think,  it  is  not  necessary  to  read.  Those  who  are  in  favor  of  the 
adoption  of  the  amendment  to  the  amendment  proposed  by  Mr. 
O'Rourke  will  signify  by  saying  aye;  contrary,  no. 

The  Chair  is  unable  to  decide. 

G.  S.  Mobison,  Past-President,  Am.  Soc.  C.  E.— Before  any  further 
vote  is  taken,  Mr.  President,  I  should  like  to  know  what  this  amend- 
ment to  the  amendment  is? 

The  Pbesident. — Well,  it  is  an  amendment  which,  in  effect,  throws 
the  election  of  members  wholly  into  the  Board  of  Direction. 

Mr.  Mobison. — May  I  ask  to  have  that  read? 

The  Pbesident. — The  reading  of  that  amendment  is  asked  for,  and 
I  will  ask  the  Secretary  to  read  it. 

(The  Secretary  read  the  amendment  to  the  amendment.) 

The  President. — Having  heard  the  amendment  to  the  amendment, 
proposed  by  Mr.  O'Rourke,  all  those  who  are  in  favor  of  it  will  signify 
by  rising  and  standing  until  counted. 

(The  Secretary  announced  sixty -eight  votes.) 

Mr.  Allen. — I  rise  to  a  point  of  order.  I  would  like  to  know  what 
the  situation  is  as  to  those  men  who  are  standing,  not  from  their  seats, 
but  behind  the  seats  in  the  rear  of  the  room ;  are  those  members  prop- 
erly counted  in  the  room  or  not? 

The  Secretary. — I  counted  everybody  standing  in  the  room;  not 
outside  of  the  room. 

The  President. — Those  who  are  opposed  to  the  amendment  will 
rise. 

(The  Secretary  announced  eighty -eight  votes.) 

The  President. — The  amendment  is  lost.  The  question  now  recurs 
upon  the  amendment  as  it  was  heretofore  read,  the  amendment  which 
you  have  received  in  print. 

The  Secretary. — Allow  me  to  say,  Mr.  President,  that  this  meet- 
ing can  do  nothing  with  that  amendment  except  to  amend  it.  Unless 
that  proposed  amendment  is  amended  by  this  meeting,  under  the  Con- 
stitution, it  goes  to  letter-ballot  of  the  Society. 

The  President. — The  Secretary  is  correct.  The  proposed  amend- 
ment having  failed,  the  original  amendment  goes  to  the  Society  for 
letter-ballot.  If  there  is  no  amendment  offered  to  this,  it  will  go  out 
in  the  form  in  which  it  is.  This  is  simply  to  the  effect  that  the  Board 
of  Direction  may  classify;  it  has  no  bearing  upon  the  number  of  nega- 
tive votes  that  may  be  necessary  to  exclude. 

Mr.  Knap. — I  wish  to  ask  for  information,  now  that  that  amend- 
ment has  been  voted  down,  is  it  in  order. to  present  another  amend- 
ment? 
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Discussion  on        The  Pbesident. —In  the  nature  of  an  amendment  to  this;  yes,  sir. 

to  the  Mr.  Knap. — I  am  sorry  I  have  not  got  it  written  down,  but  I  would 

(Continued"  ^Jte  *°  ma^e  an  amendment  to  the  amendment  to  this  effect,  that,  in 
order  to  exclude,  the  number  of  negative  votes  should  be  1%  of  the 
Corporate  Membership  at  the  last  Annual  Meeting,  or  at  the  time  of 
the  last  Annual  Report;  1%,  which  would  be,  as  the  President  has 
stated  before,  about  twenty  at  the  present  time.  Instead  of  seven,  I 
wish  to  substitute  the  number  twenty. 

The  President. — That  is,  you  wish  to  substitute  1  per  cent. 

Mr.  Knap. — Twenty,  or  1%>  which  will  be  at  this  time  about 
twenty. 

Mr.  Swain. — I  second  the  motion. 

The  President. — The  amendment  is  seconded  and  is  now  before 
you,  which  amends  Section  4  of  Article  III,  making  it  1%  of  the  Cor- 
porate Membership. 

The  Secretary. — As  of  the  1st  of  January  of  each  year? 

The  President. — Yes;  necessary  to  exclude. 

Mr.  Knap. — I  would  state,  in  addition  to  that,  that  when  the  num- 
ber seven  was  decided  upon,  as  I  understand  it,  there  were  about 
.  seven  hundred  members  in  the  Society,  and  that  was  really  about  1%, 
but  twenty  is  now  practically  the  same  percentage  of  the  Society  as 
seven  was  at  that  time. 

The  President. — The  amendment  is  now  before  you  for  discussion, 
gentlemen. 

Allen  Hazen,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  there  may 
be  a  great  many  men  proposed  for  membership  of  whom  there  would 
not  be  twenty  men  who  know  well  enough  about  their  position  and 
standing  to  pass  intelligently  upon  this  point,  and  in  that  respect 
twenty  to-day  may  be  a  much  more  liberal  allowance  than  seven, 
which  was  1%  at  the  time  it  was  adopted,  if  that  were  the  case.  And 
I  question  if  twenty  is  not  a  larger  number  than  we  can  afford  to  give 
at  the  present  time,  even  if  seven  is  too  small.  I  am  not  one  of  those 
who  feel  that  to  be  defeated  by  seven  votes  is  anything  to  be  ashamed 
of,  or  to  feel  unduly.  There  is  a  satisfaction  in  having  gone  through 
the  pink  ballot  and  feeling  that  the  great  majority  of  the  members  of 
the  Society  are  behind  you. 

Mr.  White. — Just  in  regard  to  that  point  that  Mr.  Hazen  has 
made,  the  question  arises  again  as  to  how  many  votes  were  ever  cast 
against  a  man,  and  whether  it  is  possible  that  anybody  would  ever  be 
excluded  If  it  required  twenty  votes  to  exclude  him  as  a  member. 

The  Secretary. — There  have  been  twenty  votes  cast  against  a 
candidate,  and  there  has  also  been  one  voter  who  has  voted  against  all 
the  candidates  on  a  ballot  list,  on  which  I  think  there  were  forty-six. 

Mr.  Hill. — As  I  understand  it,  Mr.  President,  1%  of  the  Corporate 
Membership,  according  to  the  list  as  handed  out  to-day,  is  only  about 
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seventeen  voters,  and  seventeen  votes  are  considerably  less  than 
twenty.  It  seems  to  me  that  the  real  effect  of  this  proposed  amend- 
ment is  to  carry  into  effect  by  indirection  the  amendment  which  has 
just  been  voted  down,  because  it  seems  to  me  that  it  would  rarely 
happen  that  such  a  number  of  adverse  votes  would  be  cast.  It  seems 
to  me  that  that  is  a  very  exceptional  number.  In  this  particular 
case  the  men  who  know  objectionable  characteristics  on  the  part  of 
the  candidate,  in  order  to  make  that  objection  effective,  must  vote 
through  the  Board  of  Direction,  so  that  the  effect  will  be,  if  we  feel 
that  a  candidate  is  objectionable,  we  must  go  to  the  Board  and  stop 
him  there,  feeling  certain  that  it  will  be  difficult  to  get  the  requisite 
number  of  voters. 

(Calls  for  the  question.) 

F.  W.  Hodgdon,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  this  question 
seems  to  be  entirely  out  of  order.  The  question  of  the  number  of 
negative  votes  which  will  come  up  is  an  entirely  new  question.  It  is 
not  an  amendment  to  the  amendment  which  is  to  go  before  the  Society 
at  the  present  time.  That  simply  refers  to  the  application  of  the 
applicant.  This  is  the  method  of  election  of  the  applicant,  and  should 
come  in  as  an  entirely  new  amendment  and  be  presented  to  the  meet- 
ing, and  be  presented  to  the  Society  for  discussion.     (Applause.) 

(Calls  for  the  question.) 

Mb.  Cboes. — I  think,  Mr.  President,  that  this  is  entirely  germane 
to  the  amendment.  This  resolution  making  the  change  in  the  Consti- 
tution is  offered,  and  this  changes  two  or  three  words  of  it,  and  that  is 
all. 

Mb.  Hodgdon. — Not  germane  to  the  subject,  but  to  the  other 
amendment. 

Mb.  Cboes. — It  changes  two  or  three  words  in  that;  it  makes  it 
twenty  instead  of  seven,  that  is  all. 

Mb.  Hodgdon. — That  question  is  not  up  in  the  amendment. 

Mb.  Cboes. — The  amendment  is  this  amendment  to  the  Constitu- 
tion, and  this  is  an  amendment  to  that  amendment,  and  it  is  perfectly 
proper. 

(Calls  for  the  Question.) 

The  President. — That  raises  a  question  which  it  is  a  little  difficult 
for  me  to  decide  off-hand.  Both  are  amendments  to  Article  III,  though 
not  to  the  same  section  of  Article  HI. 

The  Secretary. — The  language  of  the  Constitution  is,  that  an 
amendment  may  be  amended  in  any  manner  pertinent  to  the  original 
amendment. 

Mb.  Hodgdon. — What  section  is  it  that  it  is  proposed  to  be 
amended? 

The  President. — It  is  proposed  in  the  original  to  amend  Section  3, 
Article  III. 


70 


REPORT  OP  THE  ANKUAL  MEETIKG. 


[Society 


Discussion  on 
Amendment 
'  to  the 
Constitution 
(Continued). 


Resolution 

in  reference 

to  the  late 

Abram  S. 

Hewitt. 


Mr.  Hodgdon. — In  relation  to  the  proposed  amendment  to  that, 
where  we  had  the  proposed  amendment  of  Mr.  O'Rourke,  that  came 
up,  because  it  was  proposed  to  amend  Sections  2  and  3  of  Article  III; 
but  the  amendment  proposed  by  Mr.  Knap  amends  Section  4=  of  Article 
III.     I  just  raise  the  point  of  order  that  it  is  not  germane. 

The  President. — I  think  I  shall  have  to  decide  that  it  is  not  in 
order. 

Mr.  Mobison.—  Mr.  President,  is  there  any  other  business  to  come 
immediately  before  the  meeting?  If  not,  I  would  like  to  offer  a  reso- 
lution. It  has  not  been  the  custom  of  this  Society  to  pass  special 
resolutions  in  relation  to  special  men,  but  it  seems  to  me  that  the 
coincidence  of  this  meeting  in  connection  with  the  history  of  this  city, 
and  of  the  country,  for  a  great  many  years,  calls  for  some  special 
action  now. 

Some  of  us  were  late  in  coming  to  this  meeting  to-day,  and  the  rea- 
son for  that  was  because  we  cared  more  about  rendering  the  little 
respect  we  could  to  one  whose  memory  the  whole  engineering  profes- 
sion has  honored  than  for  attending  to  the  business  here  this  morning, 
important  though  it  be. 

At  precisely  the  same  hour  for  which  this  meeting  was  called  the 
last  services  were  held  over  the  man  who,  for  a  long  time,  we  have 
looked  upon  as  New  York's  first  citizen,  and  who,  if  any  man  outside 
of  the  profession  has  ever  done  much  for  engineers,  he  has  certainly 
done  it.  My  own  personal  acquaintance  with  him  began  about  thirty 
years  ago,  and  for  twenty  years  I  have  felt  that,  if  there  was  any  sub- 
ject upon  which  I  needed  especially  sound  advice  and  help,  he  was  the 
man  for  me  to  go  to.  I  think  there  are  many  of  us  who  have  felt  in 
that  same  way. 

I  therefore  offer  the  following  resolution : 

Resolved,  That  the  members  of  the  American  Society  of  Civil 
Engineers,  assembled  in  their  Annual  Meeting  at  the  hour  when  the 
last  sacred  rites  were  performed  over  the  mortal  remains  of  Abram  S. 
Hewitt,  desire  to  place  on  record  a  brief  recognition  of  the  debt  which 
so  many  of  them  individually,  and  all  of  them  as  a  profession,  owe  to 
him  who  was  for  so  many  years  New  York's  first  citizen. 

While  he  always  disclaimed  being  an  engineer,  he  had  the  mind 
and  spirit  which  mean  more  than  the  actual  professional  name. 
While  not  enrolled  among  their  numbers,  his  whole  life,  as  a  citizen,  a 
manufacturer  and  an  educator,  was  devoted  to  those  interests  which 
have  made  the  engineering  profession  possible. 

Few  cities  have  had  so  patriotic  a  citizen.  No  profession  has  had  a 
warmer  friend. 

(Applause.) 

R.  W.  Hunt.  M.  Am.  Soc.  C.  E. — I  desire  the  privilege  of  being  a 
seconder  to  that  resolution,  and  I  think,  sir,  we  all  feel  it  fitting  that 
this  Society  should  pass  such  a  resolution.  While  Mr.  Hewitt  was  not 
a  member  of  our  own  organization,  he  was  a  Past- President  of  a  sister 
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national  society,  and,  surely,  ii  ever  a  man  served  his  country,  and 
served  his  country  in  a  way  that  was  effective,  it  was  he. 

In  looking  at  the  progress  of  the  world,  the  advancement  of  man- 
kind, and  those  who  have  been  connected  with  it,  it  is  difficult  to  draw 
lines  showing  exactly  where  such  a  one's  influence  has  extended  and 
ended. 

So,  with  Abram  S.  Hewitt,  we  cannot  exactly  mark  out  the  great 
industrial  advancement  of  the  United  States,  or  the  progress,  or  the 
better  condition  of  its  citizens  that  was  brought  up  to  a  certain  point 
by  him;  but  surely  no  man  has  lived  in  his  generation  who  has  done 
more  to  sweep  on  that  tide.  He  has  given  and  done  the  things  that 
were  best  calculated  for  the  true  advancement  and  the  true  benefit  of 
his  fellow  men,  and  now,  sir,  God  has  made  the  just  man  perfect. 
(Applause.) 

The  President. — Gentlemen,  you  have  heard  the  resolution  offered 
by  Mr.  Morison,  and  so  ably  seconded  by  Mr.  Hunt.  All  in  favor  of 
its  adoption  will  signify  by  rising. 

It  is  a  unanimous  vote. 

The  Secretary. — I  have  the  report  of  the  tellers. 

The  President. — If  there  are  do  other  resolutions  to  offer 

J.  A.  Ockebson,  M.  Am.  Soc.  C.  E. — I  would  like  to  offer  a  reso- 
lution. 

The  President. — Well,  that  will  be  in  order. 

Mr.  Ockebson. — Resolved,  That  it  is  the  sense  of  this  meeting  that   international 
the  American  Society  of  Civil  Engineers  should  co-operate  with  the   J?011!*1***  °' 
officers  of  the  Louisiana  Purchase  Exposition  Company,  in  the  inaugu-   Bns™©ering. 
ration  of  an  International  Congress  of  Engineering,  to  be  held  in  St. 
Xiouis,  during  the  Exposition  period  of  1904,  and  be  it  further 

Resolved,  That  the  Board  of  Direction  be,  and  is,  hereby,  author- 
ized and  requested  to  take  such  steps  as  may  be  necessary  to  carry  out 
the  provisions  of  the  foregoing  resolution. 

I  might  say,  gentlemen,  in  this  connection,  that  the  Exposition 
Company  is  making  very  generous  provisions  for  the  scientific  con- 
gresses, and,  of  course,  it  is  important  that  the  American  Society  of 
Civil  Engineers  should  take  a  leading  part  in  the  engineering  con- 
gresses. For  my  own  part,  I  should  be  very  glad  to  have  the  Society 
make  use  of  my  department  at  the  Exposition  in  any  way  possible  to 
help  this  matter  along.  The  use  of  stenographers,  typewriters,  and 
other  members  of  the  force  is  at  your  service. 

The  resolution  was  duly  seconded. 

The  President. — Is  there  any  further  discussion  upon  it?  I  will  ask 
for  the  vote.  Those  in  favor  of  the  adoption  of  the  resolution,  which 
you  have  just  heard  read,  will  signify  by  saying  aye;  those  opposed 
no. 

Carried. 

The  President.— If  there  are  no  further  resolutions,  the  next 
order  of  business  will  be  the  report  of  the  tellers. 
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tellers0'  ^BJE  Secretary.  The  tellers'  report  is  as  follows  : 

Report  of  Tellers  Appointed  to  Canvass  the  Ballot  for  the  Election  of 
Officers  at  the  Annual  Meeting,  January  aist,  1903. 

Mr.  Chairman:  Your  Committee,  appointed  to  canvass  the  ballot 
for  Officers,  reports  as  follows : 

Total  number  of.  ballots  received 710 

Not  entitled  to  vote 1 

Without  signature 13 

Voted  nominating  blank 1 

15 

Counted  and  found  correct 695 

For  President: 

Alfred  Noble 691 

Edward  A.  Bond 1 

F.  W.  Cappelen 1 

Henry  S.  Haines I 

For  Vice-Presidents : 

L.  F.  G.  Bouscaren 684 

James  D.  Schuyler 687 

O.  F.  Nichols 2 

Wm.  M.  Black 1 

Addison  M.  Scott 1 

Howard  G.  Kelley 1 

Thomas  H.  Johnson 1 

D.  C.  Henny 1 

W.  H.  Kennedy 1 

W.  F.  Tye 1 

For  Treasurer: 

Joseph  M.  Knap 693 

Palmer  C.  Ricketts 1 

For  Directors : 

Alfred  Craven 686 

Joseph  O.  Osgood 684 

George  S.  Davison 676 

E.  C.  Lewis 672 

Huuter  McDonald 679 

Elwood  Mead 671 

C.  E.  Grunsky 3 

J.  M.  Johnson 2 

J.  B.  Lippincott 2 

H.  M.  Wilson 2 
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David  E.  McComb 

R.  C.  McCalla 

Chas.  H.  Graham 

B.  8.  Wathen 

A.  M.  Scott 

J.  C.  Guild 

J.  A.  Ookerson 

Jos.  Ramsey,  Jr 

Geo.  S.  Webster 

Arthur  L.  Adams 

D.  C.  Henny 

W.  ^  Kennedy 

Edward  B.  Taylor 

Louis  Y.  Schermerhorn. 
F.  A.  Molitor 

C.  L.  Harrison 

D.  W.  Lum 

James  B.  Atkinson 


Geo.  C.  Stoddard, 

C.  D.  PoiiLOCK, 

Tellers. 


January  21st,  1903. 


The  President. — Gentlemen,  you  have  heard  the  report  of  the  Remarks  by 
tellers,  and  with  this  election  your  present  President  retires.  I  can-  Past^^edent 
not  do  so,  however,  without  expressing  to  you  and  to  the  Society  at 
large  my  thanks  for  the  compliment  which  you  have  paid  me  in  choos- 
ing me  as  your  President,  and  further  extending  my  congratulations 
to  the  Society  upon  the  great  prosperity  which  this  Fiftieth  Anni- 
versary Meeting  now  witnesses;  and  when  we  see  what  we  do  see  here 
before  us,  a  large  Society  gathered  in  a  house  of  its  own,  and  compare 
it  with  the  small  beginning  of  the  Society  fifty  years  ago,  I  think  we 
see  that  there  has  been  planted  here  a  very  vigorous  plant,  and  we  may 
be  sure  that  the  next  fifty  years  will  witness  a  Society  which  will  be  of 
the  utmost  importance,  not  only  to  this  profession,  but  to  the  whole 
country. 

I  will  ask  Mr.  Morison  and  Mr.  Croes  to  conduct  the  new  Presi- 
dent to  the  Chair. 

AiiFBKD  Noble,  President,  Am.  Soc.  C.  E. — Gentlemen  of  the 
American  Society  of  Civil  Engineers :  I  appreciate  very  deeply  the 
honor  of  the  election  to  the  Presidency  of  this  Society,  and  this  cordial 
greeting  which  you  have  been  good  enough  to  accord  me.  This  Society 
is  the  best  exponent  of  the  profession  of  engineering  on  this  hemis- 
phere. Of  the  four  great  national  societies,  it  is  the  one  which  seeks 
to  embrace  in  its  ranks  all  branches.     Nine  times  in  ten  the  engineer 


President 

Noble 

Introduced. 
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must  stand  or  fall  on  the  simple  issue  of  the  performance  of  duty. 
On  this  issue,  1  perceive,  with  some  alarm,  that  I  must  hazard  what  I 
prize  most  highly,  the  continuance  of  the  good  opinion  of  my  profes- 
sional brethren.  In  return  for  the  honor  which  you  have  been  good 
enough  to  bestow  on  me,  I  can  only  promise  to  regard  the  responsi- 
bilities I  am  about  to  assume  as  commensurate  with  the  honor  they 
imply,  and  to  discharge  the  duties  which  I  gratefully  assume  to  the 
best  of  my  power.     (Applause. ) 

Memorial  Tree       The  Secbetary. — Mr.  President,  I  have  one  letter  which  I  omitted 

ftt 
Mount  Vernon,  to  read,  and  with  your  permission  I  will  read  it  now. 

St.  Louis,  Mo.,  Jan.  19,  1903. 
Mb.  Charles  Warren  Hunt, 

Sec'y.  Am.  Soc.  Civ.  Engineers, 

New  York. 

Dear  Sir: 

I  hereby  report  to  the  Society  that,  in  pursuance  of  the  resolution 
passed  at  the  last  Annual  Convention  in  Washington,  T  have  had  an 
oak  tree  planted  at  Mount  Vernon,  as  a  memorial  of  the  visit  of  the 
Society  in  May  last. 

In  the  execution  of  this  work,  I  have  had  the  invaluable  assistance 
of  Mr.  Gifford  Pinchot  and  Mr.  George  B.  Sudworth  of  the  Bureau  of 
of  Forestry  and  Mr.  Harrison  H.  Dodge,  Superintendent  of  the  Mount 
Vernon  Estate,  and  the  thanks  of  the  Society  are  due  to  these 
gentlemen. 

Yours  very  truly, 

Robt.  Moore, 

President, 

Mr.  Moore. — I  move  that  the  Secretary  be  instructed  by  this  meet- 
ing to  extend  the  thanks  of  the  Society  to  these  gentlemen  whom  I 
have  named.  They  have  executed,  with  great  skill  and  fidelity,  this 
commission  which  was  placed  on  them,  and,  I  may  say,  without  any 
cost  to  the  Society.     I  think  that  the  vote  of  thanks  is  due  to  them. 

The  motion  was  duly  seconded  and  carried. 

After  several  announcements  by  the  Secretary  as  to  features  of  the 
programme  for  the  meeting,  the  meeting,  on  motion  duly  seconded, 
was  adjourned. 
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EXCURSIONS  AND  ENTERTAINMENTS  AT  THE  FIFTIETH 
ANNUAL  MEETING. 

Wednesday,  January  aist,  1903. — After  the  business  meeting, 
lunch  for  about  450  members  was  served  at  1.30  p.  m.  in  the  Lounging 
Boom.  At  3  p.  m.  a  large  party,  under  the  guidance  of  Alfred  Craven, 
M.  Am.  Soc.  C.  E.,  Division  Engineer,  visited  and  inspected  the 
tunnel  of  the  Rapid  Transit  Railroad,  between  Sixtieth  and  Forty- 
second  Streets.  The  station  at  Broadway  and  Sixtieth  Street,  and 
various  portions  of  the  tunnel  were  lighted  for  the  occasion.  Smaller 
parties  visited  other  parts  of  the  work,  in  Harlem,  on  Park  Avenue,  at 
the  City  Hall,  etc.,  during  the  afternoon. 

At  9  p.  m.  there  was  a  Reception,  with  dancing,  in  the  Society  House, 
at  which  the  total  attendance  was  about  375. 

Thursday,  January  sad,  1903. — At  10  a.  m.  the  steamer  Valley  Girl 
(kindly  furnished  for  the  occasion  by  John  H.  Starin,  Esq.,  and 
General  Howard  Carroll)  with  about  400  members  and  guests,  includ- 
ing many  ladies,  left  the  Becreation  Pier  at  the  foot  of  East  Twenty- 
fourth  Street  for  an  excursion.  By  invitation  of  Hon.  Gustav  Linden- 
thai,  M.  Am.  Soc.  C.  E. ,  Commissioner  of  Bridges,  the  party  visited 
the  site  of  the  Black  well's  Island  Bridge  (No.  4)  and  inspected  the 
masonry  piers,  on  Black  well's  Island  and  at  Ravenswood,  in  course  of 
construction.  Lunch  was  served  on  the  boat  while  on  its  way  down 
the  river,  and  a  stop  was  made  at  Hoboken  to  inspect  the  new  fire- 
proof piers  which  are  being  constructed  by  the  North  German  Lloyds 
Steamship  Company.  The  party  was  landed  at  the  pier  at  the  foot  of 
West  Thirty-fifth  Street,  New  York,  at  about  5  p.  m. 

In  the  evening  there  was  an  informal  «'  Smoker  "  at  the  Society 
House,  about  400  members  and  guests  being  in  attendance. 

The  following  list  contains  the  names  of  396  members,  of  various 
grades,  who  registered  as  being  in  attendance  at  the  Annual  Meeting. 
This  list  is  incomplete,  on  account  of  the  failure  of  many  members  to 
register,  and  it  does  not  include  the  names  of  any  of  the  guests,  of  the 
Society  or  of  individual  members: 

Abbot,  P.  W New  York  City  Bacon,  J.  W Danbury ,  Conn. 

Abbott,  E.  L New  York  City  Bailey,  G.  I New  York  City 

Aiken,  W.  A Pittsburg,  Pa.  Baker,  E.  B.Morgantown,  W.  Va. 

Allen,  C.  A Worcester,  Mass.  Barnes,  W.  T Boston,  Mass. 

Allen,  W.  A Maurer,  N.  J.  Bascom,  H.  F AUentown,  Pa. 

Ashbridge,  R.  I.  D.  BasiDger,  J.  G New  York  City 

Philadelphia,  Pa.  Belden,  E.  T.  Middletown,  Conn. 

Atkins,  H.  B. . . . ;  .New  York  City  Belknap,  W.  E. . .  .New  York  City 

Auryansen,  P New  York  City  Bellinger,  L.  F.  ..Brooklyn,  N.  Y. 

Aus,  G New  York  City  Belzner,  T New  York  City 
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Bensel,  J.  A New  York  City 

Benton,  L.  S New  York  City 

Ben zen berg,  G.  H .  Milwaukee,  Wis. 

Berg,  W.  G New  York  City 

Bettes,  C.  R..Far  Rockaway,  N.Y. 

Beugler,  E.  J Boston,  Mass 

Bishop,  G.  H .  Middle  town,  Conn. 

Bissell,  C.  T New  York  City 

Bissell,  H Boston,  Mass. 

Boiler,  A.  P New  York  City 

Boiler,  A.  P.,  Jr  .  . . .  New  York  City 

Bonzano,  A Philadelphia,  Pa. 

Booth,  W.  F New  York  City 

Bouscaren,  G. . .  .Cincinnati,  Ohio 

Bowman,  A.  L New  York  City 

Bramwell,  G.  W.  ..New  York  City 

Breuchand,  J New  York  City 

Brinckerhoff,  H.W .  New  York  City 

Bryson,  A Beading,  Pa. 

Buchholz,  C.  W.  ...New  York  City 

Buck,  H.  R Hartford,  Conn. 

Buck,  L.  L New  York  City 

Buck,  R.  S Montreal,  Canada 

Burdett,  F.  A. . . .  .New  York  City 

Bush,  E.  W Hartford,  Conn . 

Butts,  E.  P. . .  .Springfield,  Mass. 

Carney,  E.  J New  York  City 

Carr,  A New  York  City 

Carter,  A.  E  ....  ..New  York  City 

Carter,  Shirley Norfolk,  Va. 

Cattell,  W.  A New  York  City 

Chambers,  R.  H . . . .  New  York  City 

Chase,  F.  L New  York  City 

Chester,  J.  N Pittsburg,  Pa. 

Christian,  G.  L New  York  City 

Christie,  G.  B Chicago,  111. 

Clapp,  O.  F Providence,  R.  I. 

Clark,  G.  H New  York  City 

Clark,  J.  A.,  Jr.East  Orange,  N.  J. 

Clark,  L.  V Philadelphia,  Pa. 

Clarke,  St.  John Bogota,  N.  J. 

Codwise,  E.  B Kingston,  N.  Y. 

Cogswell,  W.  B..  .Syracuse,  N.  Y. 
Colby,  S.  K New  York  City 


Collier,  B.  C New  York  City 

Collingwood,  F . .  Elizabeth,  N.  J. 

Conrow,  H New  York  City 

Cook,  J.  H Paterson,  N.  J. 

Cooper,  S.  L Yonkers,  N.  Y. 

Cooper,  T New  York  City 

Copeland,  W.  R.Philadelphia,  Pa- 
Cornell,  J.  N.  H. .  .New  York  City 
Corthell,  A.  B  . .  .New  York  City 
Coverdale,  W.  H.  .New  York  City 

Crane,  C.  A New  York  City 

Crane,  F.  E Amsterdam,  N.  Y. 

Craven,  A New  York  City 

Crehore,  W.  W New  York  City 

Creuzbaur,  R.  W.  .New  York  City 

Croes,  J.  J.  R New  York  City 

Crowell,  F New  York  City 

Cuddeback,  A.  W. Paterson.  N.  J. 
Cudworth,  F.  G. .  .New  York  City 

Davies,  J.  V New  York  City 

Davis,  A.  L New  York  City 

Davis,  Chas Allegheny,  Pa. 

Davis,  R.  B Boston,  Mass. 

Davison,  G.  S Pittsburg,  Pa. 

Dawley ,  E.  P . . .  Providence,  R.  I. 

Dean,  L Taunton,  Mass. 

Deans,  C.  H New  York  City 

Deans,  J.  S Phoenixville,  Pa. 

Devin,  G New  York  City 

De  Witt,  P.  H New  York  City 

Diebitsch,  E New  York  City 

Dorrance,  W.  T. .  .New  York  City 
Dunham,  H.  F New  York  City 

Easby,  M.  W. ..  Philadelphia,  Pa. 

Ehle,  B East  Creek,  N.  Y. 

Ellis,  J.  W. . . .  Woonsocket,  R.  I. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
♦very  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  March  4th,  1903. — 8.30  p.  m.— A  regular  business 
meeting  will  be  held.  Ballots  for  membership  and  ballots  on  the  pro- 
posed amendment  to  the  Constitution  will  be  canvassed,  and  a  paper 
by  M.  H.  Gerry,  Jr.,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "A  High- 
Voltage  Power  Transmission,"  will  be  presented  for  discussion.  This 
paper  was  printed  in  Proceedings  for  January,  1903. 

Wednesday,  March  18th,  1903. — 8.30  p.  m.— At  this  meeting  a 
paper  by  George  W.  Lilly,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Sand- 
Blast  Cleaning  of  Structural  Steel,"  will  be  presented  for  discussion. 
This  paper  is  printed  in  this  number  of  Proceeding*. 

Wednesday,  April  1st,  1003. — 8.30  p.  m.  A  regular  business  meet- 
ing will  be  held.  Ballots  for  membership  will  be  canvassed,  and  two 
papers  will  be  presented  for  discussion,  as  follows:  *'  The  Filtration 
Works  of  the  East  Jersey  Water  Company,  at  Little  Falls,  New  Jersey," 
by  George  W.  Fuller,  Assoc.  M.  Am.  Soc.  C.  E.;  and  "Automatic 
Modules  for  Regulating  the  Speed  of  Filtration,"  by  Charles  Anthony, 
Jr.,  M.  Am.  Soc.  C.  E.  These  papers  are  printed  in  this  number  of 
Proceedings. 

ADDITIONAL  PAPER. 

Attention  iB  called  to  the  paper  entitled  "  Note  on  the  Coefficient 
of  Elasticity  of  Concrete  and  Mortar  Beams  During  Flexure,"  by 
Myron  S.  Falk,  Jun.  Am.  Soc.  C.  E.,  published  in  this  number  of 
Proceedings.  This  paper  will  not  be  presented  for  discussion  at  any 
meeting,  but  written  communications  on  the  subject  are  invited  for 
publication,  and  its  discussion  may  be  called  up  by  any  member  at  any 
future  meeting  of  the  Society. 

ANNUAL  CONVENTION  OF  1903. 

The  Thirty-fifth  Annual  Convention  of  the  Society  will  be  held  at 
Asheville,  N.  C,  during  the  week  beginning  June  8th,  1903. 
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ACCESSIONS  TO  THE   LIBRARY. 

From  January  14th  to  February  10th,  1903. 
.  DONATIONS.* 

FOWLERS    ELECTRICAL    ENGINEER'S    YEAR-BOOK    AND     DIRECTORY    OF 
LIOHT,  POWER  AND  TRACTION  STATIONS,  1903. 

Leather,  6x4  ins.,  479  pp.,  illus.     Scientific  Publishing  Company, 

Manchester.     2  shillings  6  pence,  net.     Post  free,  2  shillings  9  pence. 

The  preface  states  that  In  this  book  the  work  of  revision  has  been  extensive.  Much 
new  matter  has  been  inserted,  and  among  the  additions  are  practical  notes  on  the  design- 
ing and  testing  of  dynamos  and  motors.  Some  information  is  also  given  on  rotary 
converters  ana  switch-boards,  electric  welding,  etc.  A  little  pruning  has  been  done  to 
afford  space  for  the  fifty  or  sixty  pages  of  new  matter  which  has  been  added  and  the 
extensions  in  other  directions  which  were  desirable.  In  an  appendix  is  given  a  directory 
of  electric  light  and  power  stations  throughout  the  United  Kingdom,  which  furnishes 
the  principal  particulars  of  the  pressures  and  methods  of  distribution  as  well  as  of 
boilers,  engine*,  and  electrical  equipment,  of  between  400  and  600  stations.  There  is  an 
index  of  nineteen  pages. 

AMERICAN  ENGINEERING  PRACTICE. 

In  the  Construction  of  Rotary  Portland  Cement  Plants,  Designed 
and  Erected  by  Latbbury  and  Spackman,  Philadelphia,  Pa.  Cloth, 
9x11  ins.,  157  pp.,  illus.  G.  M.  S.  Armstrong,  Philadelphia,  1902. 
$2.00.     (Donated  by  Cement  and  Engineering  News.) 

In  the  Announcement  the  authors  state  (hat  they  offer  to  those  interested,  photo- 
graphic and  other  Illustrations  of  some  of  the  plants  that  they  have  designed  and  con- 
structed, and  of  the  machinery  they  contain,  all  of  which  they  have  installed. 

MANUAL  FOR  RESIDENT  ENGINEERS. 

Containing  General  Information  on  Construction.     By  F.  A.  Moli- 

tor  and  E.  J.  Beard.     Cloth,  7  x  4J  ins.,  4  +  118  pp.,  13  tables.     New 

York,  John  Wiley  &  Sons,  1903.     81.00. 

During  the  construction  of  the  Choctaw, Oklahoma  and  Gulf  Railroad  Company's  line 
across  the  State  of  Arkansas  in  1899,  the  first  fifty  pages  of  this  book  were  written  by 
the  authors  and  published  in  blue-print  form  as  "Instructions  "  to  their  resident  engi- 
neers, with  a  view  of  obtaining  uniformity  of  method  in  both  work  and  results.  When 
the  company,  in  1901,  entered  upon  some  500  miles  of  extensions  and  branches  separated 
from  one  another,  making  pergonal  supervision  difficult  and  slow,  the  authors  revised 
the  body  of  the  book,  and  also  the  standard  specifications  of  the  company,  which, 
together  with  the  tables  of  level  cuttings,  were  added  to  the  original  instructions  and 
published  in  book  form  for  the  railroad  company's  use.  After  three  years  of  private 
circulation,  the  authors  have  decided  to  present  the  "Manual "  to  the  profession  gener- 
ally, and  to  the  younger  members  particularly,  with  the  hope  that  it  may  be  as  suc- 
cessful in  standardizing  and  simplifying  the  work  of  resident  engineers  throughout  the 
country  as  it  has  been  in  the  instance  of  one  railroad.    There  is  an  index  of  five  pages. 

CATECHISM  OP  THE  LOCOMOTIVE. 

By  Matthias  N.  Forney.  Second  Edition,  Revised  and  Enlarged. 
Cloth,  8x6  ins.,  16  +  709' pp.,  illus.  The  Railroad  Gazette,  New  York, 
1897.      33.50. 

Since  the  first  edition  of  this  work,  in  1K78,  many  changes  and  improvements  have 
been  made  in  the  construction  of  locomotives,  so  that  in  preparing  a  second  edition  of 
the  book  the  first  one  had  to  be  thoroughly  revised,  and,  to  a  great  extent,  rewritten. 
Also  a  great  deal  of  entirely  new  matter  had  to  be  added  to  bring  it  up  to  the  present 
state  of  the  art  of  locomotive  engineering.  Most  of  the  illustrations  are  entirely  new, 
and  have  been  selected  from  the  latest  practice  in  this  country.  The  chapter  headings 
are:  Force  and  Motion;  Resolution  of  Motion  and  Foices;  The  Principles  of  the  Lever: 
The  Forces  of  Air  and  Steam;  On  Work,  Energy  and  the  Mechanical  Equivalent  of 
Heat;  The  Steam  Engine;  The  Expansive  Action  of  Steam;  The  Slide- Valve;  The  Action 
of  the  Piston,  Connecting  Rod  and  Crank;  General  Description  of  a  Locomotive  Engine; 
Different  Kinds  of  Locomotives;  Locomotive  Boilers;  The  Boiler   Attachments;  Ihe 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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Throttle  Valve  and  Steam  Pipes;  The  Cylinders,  Pistons,  Guide-Bars,  Cross-Heads  and 
Connecting-Rods;  The  Valve-Gear;  Action  of  the  Pistons.  Cranks  and  Driving-Wheels; 
Adhesions  and  Traction;  Internal  Disturbing  Forces  in  the  Locomotive;  The  Running 
Gear;  Miscellaneous;  Friction  and  Lubrication;  Screw-Threads,  Bolts  and  Nuts;  Tenders; 
Water-Tanks  and  Turn-Tables;  The  Westlnghouse  Air-Brake;  The  Care  and  Use  of  the 
Air-Brake;  The  Eames  Vacuum  Driving-wheel  Brake;  Proportions  of  Locomotives; 
Combustion;  The  Resistance  of  Trains;  Performance  and  Cost  of  Operating  Locomotives; 
The  Care  and  Inspection  of  Locomotives  while  in  the  Engine  House;  Running  Loco- 
motives; Responsibilities  and  Qualifications  of  Locomotive  Engineers;  Accidents  to 
Locomotives;  Accidents  and  Injuries  to  Persons;  Properties  of  Steam;  Hyperbolic 
Logarithms.    There  is  an  index  of  twenty -nine  pages. 

proc£d£s  o£neraux  de  construction  TRAVAUX  dart. 

Par  A.  de  Pre*andeau,  avec  la  collaboration  de  E.  Pontzen.  Tome 
Second:  Construction  des  On v rages.  Paper,  10  x  6  ins.,  3  -f  612  pp., 
illus.,  Paris,  Ch.  Be>anger,  1903.  20  fr.  (Donated  by  Ernest 
Pontzen.) 

The  Contents  are:  Fondations  a  Pair  llbre,  a  sec  et  sous  l'eau;  Precedes  de  con- 
solidation du  sous-sol,  accidents:  Fondations  a  Taide  de  l'air  comprlme;  Entretien  et 
reparation  des  ouvrages,  demolitions;  Travaux  en  elevation;  Prix  de  revient  (fonda- 
tions, travaux  en  elevation). 

ENGINEERING  FOR  LAND  DRAINAOE. 

A  Manual  for  Laying  Out  and  Constructing  Drains  for  the  Improve- 
ment of  Agricultural  Lands.  By  Charles  G.  Elliott,  M.  Am.  Soc. 
C.  E.  Cloth,  7J  x  5  ins.,  8  +  232  pp.,  illus.  New  York,  John  Wiley 
A  Sons,  1903.     81.50. 

The  preface  states  that  this  brief  treatise  on  drainage  engineering  is  intended  for 
the  use  of  those  who  are  charged  with  the  responsibility  of  making  plans  for  and  execut- 
ing drainage  improvements.  It  puts  the  experience  and  practice  of  years  into  a  form 
which  will  be  available  to  others  who  wish  to  acquire  quickly  the  principles  and  prac- 
tice of  land  drainage.  It  has  been  the  purpose  of  the  author  to  emphasize  and  make 
clear  those  points  which  the  student,  the  busy  agriculturist,  and  the  practical  engineer 
should  know.  The  chapter  headings  are:  Introduction:  Boils;  Land  Drainage  Practice: 
Levelling  and  Topography;  Laying  out  Drains  in  the  Field:  Fixing  the  Grade  of  Drains: 
Maps  and  Records;  Grading  the  Ditches  for  Tile;  Flow  of  water  through  Pipes;  Size  Of 
Lateral  Drains:  Open  Drains;  Drainage  of  Barnyards,  Cattle-Lanes,  etc.;  Road  Drain- 

b;  Drainage  Districts;  Estimi  "  ~    "     ~       "'  *  ~    "'       "  "  ' 

ere  is  an  index  of  ten  pages. 

STEAM  POWER  PLANTS,  THEIR  DBSIQN  AND  CONSTRUCTION. 

By  Henry  C.  Meyer,  Jr.  Cloth,  9x6  ins.,  159  pp.,  illns.  New 
York,  McGraw  Publishing  Co.,  1903.     $2.00. 

The  publishers1  note  states  that  the  matter  in  this  book  was  written  to  give  infor- 
mation to  owners  or  managers  of  manufacturing  plants  or  buildings  requiring  power 
installations,  since  they  are  from  time  to  time  called  upon  to  specify  or  purchase  the 

*'*   ~  '   *  for  the  proper  equipment  of  their  buildings  with  avi  ""  " 


machinery  needed  for  the  proper  equipment  of  their  buildings  with  a  view  to  efficiency 
and  economy  in  operation.  It  is  believed  that  the  book  will  also  prove  valuable  to  the 
engineer,  architect  or  student  wno  desires  general  information  on  the  subject  treated. 
To  the  expert  it  claims  only  to  present  in  accessible  and  convenient  form  data  useful  In 
the  practice  of  his  profession.  The  Contents  are:  Design  of  Steam  Power  Plants;  Pro- 
portioning Steam  Boilers;  Design  of  Tubular  Boilers  and  Boiler  Specifications;  Selection 
of  Engines;  Specifications  for  Steam  Engines;  Steam  and  Water  Piping;  Condensers; 
Feed  Water  Heaters  and  Economizers;  Mechanical  Draft;  Chimneys;  Coal  Handling, 
Water  Supply  and  Purification. 

THE  MANUFACTURE  AND  PROPERTIES  OP  IRON  AND  STEEL. 

By  Harry  Hnse  Campbell,  M.  Am.  InBt.  Min.  £.,  M.  Am.  Soc.  C.  E., 
M.  Iron  and  Steel  Inst.  Second  Edition.  Cloth,  9x6  ins.,  29  +  862 
pp.,  illns.  New  York,  The  Engineering  mid  Mining  Journal,  1903. 
$5.00.     (Donated  by  the  Author.) 

In  this  present  edition  the  author  has  tried  to  give  in  Part  I  a  kind  of  Introduction 
for  those  wno  are  not  metallurgists.  It  does  not  pretend  to  give  all  the  qualifying  con- 
ditions, but  simply  the  main  principles.  Part  11  embraces  the  ground  covered  by  the 
first  edition  of  structural  Steel,  but  many  chapters  have  been  entirely  rewritten,  and  a 
great  deal  of  new  matter  added.  Much  of  the  text  relating  to  the  chemical  history  of 
toe  open-hearth  furnace  has  been  condensed  from  certain  panere  which  the  author 
contributed  to  the  Transactions  of  the  American  Institute  of  Mining  Engineers,  while 
portions  of  chapters  appeared  in  the  Transactions  of  the  American  Society  of  Civil 
Engineers.    The  experiments  and  investigations  have  been  conducted  at  the  works  of 
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The  Pennsylvania  Steel  Company,  of  Steelton.  Pa.,  and  all  the  details  of  manufacture 
and  treatment  have  been  under  the  author's  direct  observation.  In  Part  ELI  the  author 
has  entered  into  a  more  comprehensive  comparison  of  the  industrial  situation,  and  has 
compared  the  salient  points  of  foreign  and  American  practice.  The  Contents  are:  The 
Main  Principles  of  Iron  Metallurgy;  The  Errancy  of  Scientific  Records;  The  Blast 
Furnace;  ^  rought-Iron;  Steel;  High-Carbon  Steel;  The  Acid-Bessemer  Process:  The 
Basic-Bessemer  Process;  The  Open-Hearth  Furnace;  Fuel;  The  Acid  Open-Hearth 
Process;  The  Basic  Open-Hearth  Process;  Special  Methods  of  Manufacture  and  Some 
Items  Affecting  the  Cost*;  Segregation  and  Homogeneity:  Influence  of  Hot  Working 
on  Steel;  Heat  Treatment;  The  History  and  Shape  of  the  Test-Piece;  The  Influence  of 
Certain  Elements  on  the  Physical  Properties  of  Steel;  Classification  of  Structural  Steel; 
Welding;  Steel  Castings;  The  Iron  Industry  of  the  Leading  Nations.  There  is  an  index 
of  twenty-two  pages. 

Gifts  have  also  been  received  from  the  following: 

Am.  Inst,  of  Min.  Engrs.    16  pam.  New  South  Wales— Ry.  Commrs.    1  bound 

Ariz.  Agri.  Exper.  Station.    1  pam.  vol. 

Arnold,  Bion  J.    2  vol.  New  York  World.    1  vol. 

Australasian  Inst,  of  Min.  Engrs.    2  pam.  Nichols,  Charles  H.    2  bound  vol. 

Boston,  Mass.— Pub.  Lib.    1  pam.  Pnarr.H.  N.    8  pam. 

Boston,  Mass.— Transit  Comm.  1  bound  vol.  Ross,  D.  W.    lpam. 

Buffalo,  N.  Y.— Deputy  Water  Commr.    1  Snow,  C.  H.    1  bound  vol. 

vol.  South  Eastern  Ry.  Co.    2  pam. 

Cambridge,  Mass.— Water  Board.    1  pam.  Southern  Indiana  Ry.  Co.    1  pam. 

Canadian  Inst.    1  vol.  Sweet,  Elnathan.    1  pam. 

Conn.— R.  R.  Commrs.    1  bound  vol.  Swensson,  Emil.    1  pam. 

Damascus  Steel  Co.  1  pam.  Switzerland— Eiden.  hydrometrisches  Bu- 
Deutsch-Amerikanischer     Techniker-Ver-  reau.    1  pam. 

band.    1  pam.  Thurston,  R.  H.    1  pam. 

Ellis.  O.  E.    1  bound  vol.  Tutein-Nolthenius,  R.  P.  J.    1  pam. 

Fisher,  E.  A.  1  vol.  U.  S.  Bureau  of  Foreign  Commerce.  2 
Ford,  Frederick  L.    1  pam.  pam. 

Great  Britain— Patent  Office.    6  pam.  U.  S.  Cbief  of  Engrs.    2  bound  vol. 

IowaEng.  Soc.    6  pam.  U.  S.  Coast  and  Geodetic  Surv.  1  bound  vol. 

Iron  and  Steel  Inst.  1  bound  vol  U.  S.  Geological  Surv.  2  bound  vol..  22 
Macmillan  Co.    1  bound  vol.  J**01* 

McBflnn,  T.  J.    1  pam.  U.  S.  Weather  Bureau.    1  bounj  vol. 

Mass.— Harbor    and    Land    Commrs.    1  Univ.  of  HI.    1  pam. 

bound  vol.  Univ.  of  111.  Agri.  Exper.  Station.    1  pam. 

Miles,  John  W.    1  pam.  Univ.  of  Texas  Mineral  Surv.    1  pam. 

New  England  Cotton  Mfrs.  Assoc.  1  bound  Weir  Frog  Co.    1  bound  vol. 

vol.  Unknown  Donors.    2  pam. 

BY  PURCHASE. 

Rivieres  Canal  1  sees.  Par  F.  B.  de  Mas.  Paris,  Ch.  Beranger, 
1903. 

The  Analysis  of  Steel- Works  Materials.  By  Harry  Brearley  and 
Fred  Ibbotson.  Longmans,  Green  and  Co.,  London,  New  York  and 
Bombay,  1902. 

United  States  Official  Postal  Guide,  January,  1003.  Revised  and 
Published  Monthly  by  Authority  of  the  Post  Office  Department.  Con- 
tains an  Alphabetical  List  of  All  the  Post  Offices  in  the  United  States 
with  County  and  State,  a  List  by  States,  a  List  by  States  and  Counties, 
Showing  the  Money-Order  Offices,  Domestic  and  International;  also, 
Rates  of  Postage;  Synopsis  of  Postal  Laws,  Orders,  Rulings  of  the 
Department;  Information  Relating  to  Postal  Matters;  and  General 
Regulations  Respecting  Foreign  Mails.  Philadelphia,  George  F. 
Lasher. 

SUMMARY  OF  ACCESSIONS. 

From  January  14th  to  February  10th,  1903. 

Donations  (including  10  duplicates) Ill 

By  Purchase 3 

Total... •. 114 
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MEMBERSHIP. 


ADDITIONS. 

MEMBERS. 

.  _  Date  of 

Allan,  Percy  Membership. 

Public  Works  Dept.,  Sydney,  N.  S.  W.,  Aus- J  Assoc.  M.    April    1,  1896 

tralia 1  M.  Oct.      1,  1902 

Barnard,  Edwabd  Chesteb 

Topographer,  U.  S.  Geological  Surrey,  Washington,  D.  C.     Dec.     3,  1902 
Dm,  Arthub  Jambs 

Engr.  in  chg.,  Great  Falls  Power  Co.,  Nash-  c  Assoc.  M.     Mar.     6,  1901 

ville,  Tenn j  M.  Feb.     4,  1903 

Fitch,  Graham  Denby 

Capt.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr.  Office,  Little 

Rock,  Ark Feb.     4,  1903 

Sherman,  Charles  WiNsiiOw  t  Jan.  Oct.      8,  1891 

Div.  Engr.,  Sudbury  Dept.,  Met.  Water- Works,  ■]  Assoc.  M.    May     2,  1^00 

1  Ashbarton  PL,  Boston,  Mass ( M.  Feb.     4,  1903 

Thompson,  Henry  Clare 

Div.  Engr.,  N.  Y.  C.  A  H.  R.  R.  R.,  42  Lorillard  PI.,  Ford- 
ham,  New  York  City Feb.     4,  1903 

Wibneb,  George  Monroe 

AsHt.  Chf.  Engr.,  San.  Dist.  of  Chicago,  1010  Security 

Bldg.,  Chicago,  111 Feb.     4,  1903 

ASSOCIATE  MEMBERS. 

Abhbauoh,  Lewis  Eugene 

Asst.  Prof,  of  Civ.  Eng.,  Iowa  State  Coll.,  Ames,  Iowa Jan.      7,  1903 

AUBYAN8EN,  FREDERICK 

Chf.  Draftsman,  Atlantic  Ave.  Impvt.,  L.  I.  R.  j  Jun.  Oct.      5,  1897 

R.,  44  Court  St.,  Brooklyn,  N.  Y I  Assoc.  M.    Dec.     3,  1902 

Bacon,  George  Morgan 

624  Dooly  BIk.,  Salt  Lake  City,  Utah Dec.     3!  1902 

Bantel,  Edwabd  Christian  Henry 

Instr.  in  Civ.  Eng.,  Univ.  of  Texas,  2600  Whitis  Ave., 

Austin,  Tex Feb.     4,  1903 

Bbadshaw,  Sam  Wigvall 

Asst.  Engr.,  Estimating  Dept.,  Pennsylvania  j  Jun.  Oct.      2,  1900 

Steel  Co.,  Steelton,  Pa 1  Assoc.  M.     Feb.     4,  1903 

Dana,  Richard  Turner 

Railroad  Location  and  Gen.  Engr.,  Room  206,  j  Jun.  Sept.  11,  1900 

Bennett  Bldg.,  New  York  City I  Assoc.  M."     Feb.     4,  1903 

Day,  Edwabd  Bliss 

Office  Engr.,  Burlington's  Missouri  Lines,  Room  610,  Globe 

Democrat  Bldg.,  St.  Louis,  Mo Feb.     4.  1903 

Ferguson,  William  Hastings 

(Best  &  Ferguson,  Cons.  Engrs.),  16  Ferguson  Bldg.,  Den- 
ver, Colo Jan.      7,  1903 


86  MEMBERSHIP — ADDITIONS.  [8ooiety 

Date  of 
Hall,  Charles  Bomney  Membership. 

U.  S.  Eng.  Dept.,  Fort  McKinley,  Portland  Harbor,  Me. .     Jan.      7,  1903 
Jaudon,  Henry  Souddeb 

Care,  Birmingham  Water- Works  Co.,  Birmingham,  Ala.. .     Feb.     4,  1903 
McKay,  Geoboe  Albebt 

,Civ.  Engr.,  U.  8.  N.,  Narragansett  Bay  Coal  Depot,  New- 
port, B.  I Feb.     4,1903 

Rockwell,  Jambs  Vincent 

Asst.  Engr.,  C.  &  N.  W.  By.,  Eagle  Grove,  \  Jan.  April    3,  1900 

Iowa 1  Assoc.  M.    Feb.      4,  1903 

Shepabdson,  John  Eaton 

Shabbona  Grove,  De  Kalb  Co.,  Ill Jan.      7f  1903 

Tompkins,  Edward  de  Toe 

Chf.  Draftsman,  Bureau  of  Yards  and  Docks,  t 

4  —  Feb.     2,  1897 

M.     Dec.     3,  1902 


/hf.  Draftsman,  Bureau  of  Yards  and  Docks,  r 
U.S.  Navy  Yard,  League  Island,  Philadel  J  Jnn' 
phia,  Pa (Assoc.: 


Wheblbb,  Ralph  Norman 
•  With  Rapid  Transit  B.   B.   Comm.,  13  Astor  PL,   New 

York  City Jan.      7,  1903 

White,  Lazarus 

18  West  119th  St.,  New  York  City J  J^  M.    wS.     IIM 

associates. 
Keller,  Otto  Balthazar 

127  Fulton  St.,  New  York  City  Feb.     3,1903 

Quirk,  Eugene  McGrath 

Mgr.,  Montreal  Quarry    Co.,    266  Boulevard,   Ville    St. 
Louis,  Montreal,  Que. ,  Canada Feb.     3,  1903 


JUNIORS. 

Bassett,  Robert  Jay 

25  North  4th  St.,  Steelton,  Pa Feb.     3,1903 

Dougherty,  Richard  Erwin 

|  244  West  20th  St.,  New  York  City Jan.      6,1903 

Fujtno,  Shuejchi 

Bridge  Engr.,  Nippon  Tetsudo  Kwaisha,  Tokyo,  Japan. . .     Feb.     3,  1903 
|  George,  Hugh  Melvin 

j  Care,  Water  Co.,  Meridian,  Miss Feb.     3,  1903 

Kolb,  Henry  Jacob 

Care,  Dr.  Dillworth,  Bedford  Park,  New  York  City Feb.     3,  1903 

I  Pearse,  Langdon 

i  317  Walnut  Ave.,  Boxbury,  Mass Jan.      6,  1903 

]  Tombo,  Carl 

273  West  138th  St.,  New  York  City Feb.     3,  1903 

j  Wildes,  Waldo  Gilman 

1  208  Church  St.,  Clinton,  Mass Feb.     3,  1903 
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RESIGNATIONS. 

MEMBERS. 

Date  of 
Resignation. 

See,  Horace Dec   31,  1902 

Walton,  Charles  Wallace Dec.   31,  1902 

DEATHS. 

Babrioxr,  John  Walker,  Jr. Elected  Junior,  May  31st,  1898;    Associate 

Member  April  2d,  1902;  died  December 

19th,  1902. 
Fuebtss,  Estevan  Antonio  Elected  Member  February  17th,  1869;  died 

January  16th,  1903. 
Rich,  Watson  Welluan Elected  Member  September  5th,  1883;  died 

January  12tb,  1903. 
Sweet,  Elnathan Elected  Member  November  6th,  1878;  died 

January  27th,  1903. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST. 

(January  14th  to  February  10th,  1903.) 

Notb. — This  list  is  published/or  the  purpose  of  placing  be/ore  the  members 

of  the  Society  the  titles  of  current  engineering  articles,  which  am  be  referred 

to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 

the  publication    directly,    the    address    and  price  being   given  wherever 

possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list. 


(i)  Journal.  Assoc.  En*.  Soc.,  257  South 
Fourth  St.,  Philadelphia,  Pa.,  80c. 

(a)  Proceedings,  Eng/Club  of  Phila.,  1122 
Oirard  St.,  Philadelphia,  Fa. 

(3)  Journal.   Franklin    Inst.,   Philadel- 

phia, Pa.,  50c. 

(4)  Journal^  Western  Soc.  of  Engrs.,  Mo- 

nadnock  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Canada. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ. ,  New  York  City,  60c. 

(7)  Technology  Quarterly,  Mass.    Inst. 

Tech.,  Boston,  Mass., 75c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Inst.,  Hoboken,  N.  J.,  50c. 
(o)  Engineering   Magazine,   New   York 

City,  26c. 
(io)  Cassier's  Magazine,  New  York  City, 

25c. 
(n)  Engineering  (London),  W.  H.  Wiley, 

New  York  City.  25c. 
da)  The  Engineer  {. London),  International 

News  Co.,  New  York  Citv,  85c. 

(13)  Engineering  News,  New  York  City, 

(14)  The  Engineering  Record,  New  York 

City,  12c. 
(i«)  Railroad  Gazette,  New  York  City, 
10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  Cit>,  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  36c. 

(18)  Railway  and   Engineering   Review, 

Chicago,  HI.,  10c. 

i.19)  Scientific  American  Supplement,  "Sew 
York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land, 25c. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England,  25c. 

(33)  Bulletin,  American  Iron  and  Steel 

Assoc.,  Philadelphia,  Pa. 

(34)  American   Qas  Light  Journal,  New 

York  City,  10c. 
(as)  American  Engineer,  New  York  Citv, 

20o. 
(a6)  Electrical  Review,  London,  England. 
(37)  Electrical  World  and  Engineer,  New 

York  City,  10c. 
<a8)  Journal,  New  England  Water- Works 

Assoc.,  Boston,  $1. 
(ap)  Journal,  Society  of  Arts,  London, 

England,  15c. 

(30)  Annates    des    Travaux   Publics   de 

Belgique%  Brussels,  Belgium. 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 

des  EcOle  Sveciales  de  Oand,  Brus- 
sels, Belgium. 


(3a)  Memoires  et  Compte  Rendu  des  Tra- 
vaux, Soc.  Ing.  Civ.  de  France, 
Paris,  trance. 

(33)  Le  (Mnie  GHw^Paris,  France. 

(34)  Portefeuille    Economique    des   Ma> 

chines,  Parts,  France. 

(35)  Nouvelles  Annates  de  la  Construc- 

tion, Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Me'canique,  Paris,  France. 

(38)  Revue  Generate  des  Chemins  de  Fer 

et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

III.,  10c. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(4 1 )  Modern  Machinery , Chicago,  III.,  10c 
(43)  Transactions,  Am.  Inst.  Elec.  Kngrs., 

New  York  City,  50c. 

(43)  Annales   des    Ponts  et    Chaussets, 

Paris,  France. 

(44)  Journal.    Military  Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor,  50c. 

(45)  Mines  and  Minerals,  Scranton,  Pa., 

20c. 

(46)  Scientific  American,  New  York  City, 

8c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 

(54)  Transact  ions.  Am.  Soc.  C.  E.,  New 
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( S  7 )  Colliery  Guardian,  London,  England. 
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Penn  Ave.,  Pittsburg,  Pa.,  60c. 

(39)  Transactions,  Mining  Inst,  of  Scot- 

land, London  and  Newcastle-upon- 
Tyne. 

(60)  Municipal    Engineering,     Indianap- 

olis, Ind.,  25c. 

(61)  Proceedings,  Western  Railway  Club, 

225  Dearborn  St.,  Chicago,  fa,  25c. 

(6a)  American  Manufacturer   and  hrw 

World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  Eo 

London,  England. 

(64)  Power,  New  York  City,  20c. 

(6s)  Official  Proceedings,  New  York  Rail 
road  Club,  Brooklyn,  N.  Y.,  15c. 

(66)  Journal  of  Qas  Lighting,  London, 
England,  15c. 

(67)  Cement  and  Engineering  News,  Chi- 

cago, 111.,  25c. 

(68)  Mining  Journal,  London,  England. 


Affairs.]  QUERENT  ENGINEERING  LITERATURE.  89 

LIST  OP  ARTICLES. 
Bridge. 

El  Paso  &  Southwestern  Bridge  at  El  Paso,  Texas.*    (40)  Jan.  16. 

The  New  Swing  Span  and  Substructure  for  the  Interstate  Bridge,  Omaha,  Neb.*    (13) 

Jan.  22. 
The  Damage  to  the  New  East  River  Bridge  Cables  by  Fire  and  the  Proposed  Method  of 

Repairing  It.    (13)  Jan.  88. 
Pebble  Faced  Bridge  in  the  National  Park,   Washington,  D.  C*    W.J.Douglas.    (i3) 

Jan.  28. 
Bridge  across  the  Missouri  River  at  East  Omaha,  Nebraska.*    (15)  Jan.  88. 
Erection  of  the  Northwest  Miramichi  Bridge,  Newcastle,  N.  B.*    H.  D.  Bush,  M.  Am. 

Soc.CE.    (is)  Jan.  88. 
The  Elevation  of  the  Chicago  &  Alton  Bridge  at  Bridgeport,  Chicago.*    (40)  Jan.  88. 
The  Rio  Grande  Braced  Arch  Bridge,  Pacific  Ry.  of  Costa  Rica.*    (18)  Jan.  84. 
The  Omaha  Interstate  Bridge.*    (14)  Jan.  84. 

The  Substructure  for  the  180O-Ft.  Cantilever  Bridge  at  Quebec,  Canada.*    (13)  Jan.  89. 
Concrete-Steel  Arch  Bridges.*    Daniel  B.  Luten.    (Paper  read  before  the  Indiana  Eng. 

Soc.)    (60)  Feb. 
Wood  Block  Paving  and  Other  Features  in  Connection  with  a  8mall  Drawbridge  in 

Brooklyn,  N.  Y.*    (14)  Feb.  7. 
Le  Viaduc  du  Viaur  sur  la  Ligne  de  Carmaux  a  Rodez.*    (35;  Jan. 
Le  Viaduc  Metallique  du  Viaur.*    Emile  Godfernaux.    (38)  Jan. 
Calcul  dee  Ponts  en  Maoonnerie.*    Methode  de  M.  Ritter.    (33)  Jan.  8. 

Blectrlcal. 

Some  Electrical  Fire  Hazards.    Washington  Devereux.    (a)  Jan. 

Observations  on  the  Ohmic  Resistance  of  Electrolytes  and  Its  Determination.*    J. 
Wright.    f  36)  Jan.  8. 

Reducing  the  Measured  DR  of  a  Laid  Submarine  Cable  to  76°  F.  and  Atmospheric 
Pressure.    J.  Rymer-Jones.    (36)  Jan.  8. 

Entropy.    J.Swinburne.    06)  Jan.  9. 

Electric  Power  Transmission  in  a  Cube  Sugar  Factory.*    (36)  Jan.  9. 

A  New  Automatic  Oil-Switch  for  High-Tension  Circuits.*    (13)  Jan.  15. 
t  The  Hewitt  Mercury  Vapour  Lamp  and  Static  Converter.*    (33)  Jan.  16. 

Middlesborough  Electricity  Works  *    (26)  Jan.  16. 
c  The  Electric  Lighting  of  Erith  (a  Three- Phase  Plant).*    (26)  Jan.  16. 

Electrically-Operated  Oil  Circuit-Breaker  for  High  Tension  Circuits.*   ( 15 )  Jan.  16;  (37 ) 
...  Jan.  17;  (30)  Jan.  88;  (i8)Jan.  84. 

Oertikon  Induction  Motor  with  Four  Speed  Variations.*    Hans  Behr.    (37)  Jan.  17. 

Excitation  of  Asynchronous  Generators  by  Means  of  Static  Condensance.    A.  S.  Mc- 
£  Allister.    (37)  Jan.  17. 

Cooper-Hewitt  Static  Converter.*    (37)  Jan.  17;  (17)  Jan.  17. 

The  Construction  of  Aerial  Telephone  Lines  *  Arthur  V.  Abbott.    (37)  Serial  beginning 
^  Jan.  17. 

..  Electricity  as  an  Underground  Motive  Power.    Win.  Little.    <  Paper  read  to  the  New 

"k  Seaham  Mining  Students'  Assoc.)    (63)  Jan.  88. 

j^  The  Photometry  of  Electric  Lamps.*    J.  A.  Fleming.    (Paper  read  before  the  Inst,  of 

■^  Elec.  Engrs.)    (11)  Serial  beginning  Jan,  88;    (Abstract  of  Paper  read  before  the 

I 


r  s.)    (11)  Serial  beginning  Jan.  88;    (Abstract  of  : 

Inst,  of  Elec.  Engrs.  >    (47 )  Serial  beginning  Jan.  17;  (36)  Serial  beginning  Jan.  8. 

Stress  on  Frames  of  Alternating  Current  Generators.    P.  J.  Frenell.    (37)  Jan.  84. 

The  Underground  System  of  the  Chicago  Edison  and  Commonwealth  Electric  Com- 
panies.   W.  G.  Carlton.    (Abstract  of  Paper  read  before  the  Chicago  Elec.  Assoc.) 


t  State  of  Wireless  Telegraphy.*    (10)  Jan.  81. 


i^  The  Present  State  of  Wireless  Telegraphy.'    (10 

__  »  000-  Volt  Installation  at  Grenoble.  France.*    C.  L.  de  Muralt.    ( 37)  Jan.  81. 

.Bjr  Electrical  Measuring  Instruments.*    Caryl  D.  Haskdns.    (3 )  Feb. 

F  £  Richmond.  Indiana,  Municipal  Electric  Lighting  and  Power  Plant.*     J.  B.  Nelson. 

1  •*  ( Paper  read  before  the  Indiana  Eng.  Soc. )    (60)  Feb. ;  (Abstract  of  Paper  read  before 

L  ? ,  the  Indiana  Eng.  Soc.)    ( 13)  Jan.  29. 

*f*  Machine  Tools  with  Individual  Electric  Motors.    R.  T.  E.  Lozler.    (10)  Feb. 

The  Electrical  Resistance  of  Bearings.    A.  E.  Kennelly  and  C.  A.  Adams.    (37)  Feb.  7. 
Ip*  The  Economic  Value  of  Testing.    Geo.  D.  Shepardson.    (Abstract  of  paper  read  before 

the  Northwestern  Elec.  Assoc.)    (37)  Feb.  7. 
t*L  Structural  Details  of  the  Edison  Storage  Battery.*    (46)  Feb.  7. 

po>  The  Cooper  Hewitt  Lamp  and  Static  Converter*    (46)  Feb.  7. 

'  e*  Bull  System  of  Selective  Wireless  Telegraphy.*    (37)  Feb.  7. 

lb*  Voltage  Regulation.*    (37)  Feb.  7. 

li*  Compte  Rendu  duCongresde  la  Houille  Blanche.    Ch.  PInat.    (33)  Nov. 

La  Nouvelle  Usine  Hydro-ttlectrique  des  Chutes  du  Niagara.*    (33)  Jan.  8. 

jfc:         Marine. 

\b         The  Machinery  of  the  Orient-Pacific  Liner  Orontes.    (11)  Jan.  8. 

4  \>         The  Vibration  of  Steamships.    George  W.  Melville.    ( 1 1 )  Serial  beginning  Jan.  8. 

Modern  Marine  Boilers.    H.  M.  Rounthwaite,  M.  I.  Mech.  E.     (Paper  read  before  the 
,  «*  Jun.  Inst.  Engrs.)    (13)  Jan.  9. 

' '  The  8.  S.  Brunei*.*    (13)  Jan.  9. 

q4  _ . - 
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Mariae-(Contlnacd). 

The  Chilian  Battleship  Liber  tad.    (i  i)  Jan.  16. 

Submarine  Torpedo  Boats,  Past,  Present  and  Future  *    Lawrence  Spear.    (Abstract  of 
paper  read  before  the  Society  of  Naval  Archts.  and  Marine  Engrs.)    do)  Feb.  7. 


The  Blast  Furnace  as  a  Power  Plant.*    Edward  A.  Uehling.    (8)  Jan. 

Kansas  Natural  Oas;  Its  Control  and  Distribution;  Method  Employed  in  Burning  It  and 

in  Measuring  the  Pressures*   W.  R.  Crane.    (45)  Jan. 
Liquid  Fuel  for  Electrical  Stations.    W.  H.  Booth.    (a6)  Jan.  8. 
Flame  Analyses  and  Fuel  Combustion.*    W.  H.  Booth,  M.  Am.  Soc.  C.  E.    (a6)  Jan.  9. 
Hydraulic  Machinery  for  an  Indian  Locomotive  Works.*    (ia)  Jan.  8. 
Sugar-Making  in  the  Hawaiian  Islands;  Recent  Practice  in  the  Design,  Construction 

and  Operation  of  Raw  Cane-Sugar  Factories  in  the  Hawaiian  Islands.*     J.  N.  8. 

Williams.     (Paper  read  before  the  Inst,  of  Mech.  Engrs.)     (11)  Serial  beginning 

Jan.  8. 
Comparative  Economy  of  Stoking  and  Hand  Firing.*     Julius  Geldard.     (Paper  read 


before  the  Leeds  Assoc,  of  Engrs.)    (47)  Jan.  8. 
oieam  Pipe  Covering  Tests.*    (47)  Jan.  8. 
The  Use  of  Blast-Furnace  Gas  in  Gas  Engines.    Cecil  A.  Cochrane.    (Abstract  of  Paper 


read  before  the  Cleveland  Inst,  of  Engrs.)    (47)  Serial  beginning  Jan.  8. 
An  Inclined  Retort-House  and  Its  Working  at  Bristol.*    (66)  Jan.  0. 
The  Granton  Works  of  the  Edinburgh  and  Leith  Gas  Commissioners.*    Walter  Ralph 

Herring,  M.  Inst.  C.  E.    (66)  Serial  beginning  Jan.  6. 
Turbo-Blowing  Engine  at  the  Farnley  Iron  works.*    (aa)  Jan.  9. 
Single  Rock  Cutting  Machine.    (11)  Jan.  9. 

A  Remarkable  8team  Engine  Test.    (Tests  made  by  Prof.  J.  A.  Ewing.)    (ia)  Jan.  9. 
The  Purification  of  Blast  Furnace  Gas  *    (aa )  Serial  beginning  Jan.  9. 
Testing  Indicator  Springs  *    (Reprinted  from  Machinery.)    (47)  Jan.  10. 
Efficiency  Tests  of  Compressed  Air  Machinery.*    W.  C.  Popplewell,  A.  M.  Inst.  C.  E. 


(47)  Serial  beginning  Jan.  10. 
1  English  I     r^-  ~  ^     -       " 


An  English  Inclined  Retort  Installation  in  Italy.    (66)  Jan.  18. 
Freaks  and  Fallacies  in  Steam  Engine  Design.    Egbert  P.  Watson.    (6a)  Jan.  15. 
Rules  for  Working  Loads  of  Wire  Elevator  Ropes.    H.  C.  Newcomer.     (13)  Jan.  15. 
Fundamental  Differences  in  the  Construction  of  Gas  and  Steam  Engines,    r.  Plantinga, 

M.  Am.  Soc.  M.  E.     (13)  Jan.  15. 
The  Elimination  of  Hand  Labor  in  Brick  Making.*   J.  Parker  B.  Flake.    (13)  Jan.  15. 
The  Lanchester  Motor  Car.    (11)  Jan.  10. 
The  "Accessible"  Water-Tube  Boiler.*    (aa)  Jan.  16. 
The  Planimeter,  Explained  Simply,  without  Mathematics.*    W.  J.  Tennant.    (Abstract 

from  Paper  read  before  the  Inst,  of  Junior  Engrs. )    ( ia)  Jan.  16. 
The  Requirements  of  Machine  Tool  Operation  with  Special  Reference  to  the  Motor 

Drive*     Charles  Day.     (Abstract  of  Paper  read  before  the  N.  Y.  Elec.  Soc.)    (40) 

Jan.  16. 
Connecting  and  Coupling-Rods.    P.  H.  Parr.    (12)  Serial  beginning  Jan.  16. 
Test  of  Engine  with  Superheated  Steam.    J.  A.  Ewing.    (47)  Jan.  17. 
The  New  Mechanical  Plant  of  the  Mutual  Life  Building,  New  York.*    (14)  Jan.  1?. 
Modern  Marine  Boilers.    H.  M.  Rounthwaite.    (Paper  read  before  the  Junior  Inst,  of 

Engrs.)    (47)  Serial  beginning  Jan.  17. 
Gas  Purification  and  Gas  Purifiers.*    Pierre  Plantinga.    (34)  Jan.  19. 
Overhead  Tramrail  Systems  in  Shops  and  Foundries.*    A.  W.  Mover.     (Paper  read 

before  the  Philadelphia  Foundrymen's  Association.)    (ao)  Jan.  88. 
The  Manufacture  of  Open-Hearth  Basic  Steel.    C.  H.  Macmfflan.    (Paper  read  before 

the  Cleveland  Inst,  of  Engrs.)    (aa)  Jan.  23. 
The  Cutting  Angles  of  Tools  for  Metal-Work,  as  Affecting  Speed  and  Feed.*    H.  F. 

Donaldson.    (Paper  read  before  the  Inst,  of  Mech.  Engrs.)    (11)  Jan.  28;  (47)  Serial 

beginning  Jan.  21;  ( ia)  Serial  beginning  Jan.  88. 
The  Auto-Chronograph:  A  New  Electric  Timing  Apparatus  for  Automobiles.*     (10) 

Jan.  84. 
Modern  Tendencies  in  the  Utilization  of  Power.    John  Joseph  Flather.    (19)  Serial 

beginning  Jan.  84. 
The  Gas  Industry  and  the  Manufacture  of  Cyanide.    (34)  Jan.  86;  (66)  Jan.  87. 
Fans  in  Gas- Works.*    R.  Gordon  Mackay,  Assoc.  M.  Inst.  C.  E.    (66)  Jan.  87. 
An  Oil-Gas  System  for  Isolated  Plants  *    (13)  Jan.  89. 
Five-Ton  Steam  Wagon  for  West  Africa.*    (ao)  Jan.  89. 
A  New  Derrick  or  "  Grasshopper  »•  Elevator  for  Unloading  Grain  from  Vessels.*    (46) 

Jan.  81. 
Efficiency  Test  of  a  Nordberg  Air  Compressor  at  the  Burra  Burra  Mine  of  the  Tennessee 

Copper  Company.    J.  Parke  Channing.    (Paper  presented  before  the  Lake  Superior 

Mln.  Inst.)    (16)  Jan.  81. 
Census  Report  on  Motor-Power  Appliances.    Edward  H.  Sanborn.    (64)  Feb. 
Boiler  Scale  and  the  Transmission  of  Heat.*    (64)  Feb. 
Koerttng  Gas  Engine*    (64)  Feb. 


Test  of  a  Charon  Gas  Engine.*    R.  Mathot.    (64)  Feb. 

Progress  in  the  Introduction  of  the  Steam  Turbine.*    J.  R.  Bibbins.    (0)  Fet 

Machine  Tools  with  Individual  Electric  Motors.    R.  T.  E.  Lozler.    (10)  Feb. 
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Mechanical— ( Continued) . 

Power  from  the  Interior  Heat  of  the  Earth.*    William  Hallock.    ( 10)  Feb. 

Notes  on  House  Piping  (Qas).    (34)  Feb.  2. 

The  Extraction  of  Cyanogen  from  Gas.  (From  the  German  of  Herr  Walther  Field).  (34) 

Feb.  2. 
Coking  in  Bee-Hive  Ovens  with  Reference  to  Yield.    Charles  Catlett.    (34)  Feb.  2. 
A  Steam  Engine  with  a  Single  Rotary  Valve.*    ( 13)  Feb.  5. 
The  Evolution  of  the  Hydraulic  Elevator;  High-Pressure  Elevators  in  the  Prudential 

Buildings,  Newark,  N.  J.*    Chas.  L.  Duenkel.    ( 13)  Feb.  5. 
The  Capacity  of  Cast  Iron  Sectional  Steam  Boilers.    J.  J.  Blackmore.     (Paper  read 

before  the  Am.  Soc.  of  Heating  and  Ventilating  Engrs.)    (ao)  Feb.  5;  (14)  Jan.  24. 
Friction  in  Machinery  and  Lubrication.    D.  B.  Dixon.    (6aj_Feb.  5. 
The  Fuel  Value  of  the  North  Dakota  Lignites.*    Frank  A.  Wilder.    ( 16)  Feb.  ?. 
Evaporated  8alt  Industry  in  Kansas.*    W.  R.  Crane.    (16)  Feb.  7. 
Les  Chaudieres  et  les  Machines  a  Vapeur  a  l'Exposition  de  DOsseldorf.    Ch.  Compare. 

(3a)  Nov. 
NouvelleChaudiereaTubesd'Eau.*    (34)  Jan. 

Les  Moteurs  a  Petrole;  Trepidation  et  fiquilibrage.*    Reperti.    (36)  Jan.  10. 
La  Mecanlque  a  l'Exposition  de  Dttsseldorf  .*    Loffet.    (36)  Serial  beginning  Jan.  10. 

Metallurgical. 

Some  New  Puddling  Furnaces.*    (aa)  Jan.  9. 

Preventing  Explosions  in  Blast  Furnaces*    Rudolf  Berg.    (6a)  Jan.  15. 

Static  Electricity  Applied  to  Ore  Dressing.*    W.  G.  Swart.     (16)  Jan.  21. 

Tavener's  Method  of  Treating  Zinc  81imes.    T.  Lane  Carter.    (16)  Jan.  24. 

Metallurgical  Methods  at  Kalgoorlie.  W.  A  *    E.  Barton  Hack.    (16)  Jan.  24. 

Lead  Smelting  of  Zinc  Gold  81imes.*    P.  S.  Tavener.    (Abstract  of  Paper  read  before 

the  Chemical  and  Metal.  Soc.  of  S.  Africa.)    (16)  Jan.  81;  (68)  Serial  beginning 

Jan.  17. 
The  Taylor-White  Process  of  Treating  Tool-Steel.    (3)  Feb. 
The  Cyanide  Process  in  Montana.*    Matt.  W.  Alderson.    (16)  Feb.  7. 
Emploi  de  rElectricite  pour  le  Service  dee  Fours  a  Coke  et  des  Hauts  Fourneaux  .*    J. 

Brat  man.    (33)  Jan.  3. 

MIHtary. 

Capped  and  Uncapped  Projectiles.*    (1a)  Jan.  2. 
Test  of  the  New  16-Inch  Gun.*    (46)  Jan.  31. 

Mining. 

Summit  County  Placers  of  Colorado;  a  Description  of  the  Great  Hydraulic  Works  now 
Nearing  Completion  near  Bracken  ridge.*    Arthur  Lakes.    (45)  Jan. 

Tunnel  Construction  in  Chicago;  Method  of  Driving  and  Constructing  so  as  Not  to  Dis- 
turb the  Surface.*    Geo.  W.  Jackson.    (45 )  Jan. 

The  Mines  of  Argentina;  The  Adaptation,  by  the  Natives,  of  the  Methods  of  Working  to 
the  Requirements  and  Limitations  of  the  Country.*    K.  B.  Brinsmade.    (45)  Jan. 

Earth  Pressures  in  Deep  Mines.    (57)  Jan.  2. 

Explosives  in  Coal  Mines:  A  New  Order,    (aa)  Jan.  9. 

Sinking  a  Shaft  by  Compressed  Air.*    (57)  Jan.  9. 

Various  Methods  of  Conveying  Power  to  the  Interior  of  Mines.  T.  Lindsay  Galloway. 
Assoc.  M.  Inst.  C.  E.  (Paper  read  before  the  Glasgow  Univ.  Eng.  80c.)  (57>  Serial 
beginning  Jan.  9. 

The  Resistance  to  Traction  of  Small  Mine  Cars.    (13)  Jan.  15. 

Diamond  Mining  m  Kimberley.*    ( la)  Serial  beginning  Jan.  16. 

A  Safe  and  Economical  Substitute  for  Dynamite.    (13)  Jan.  22. 

The  Bentrop  System  of  Air-Tight  Pit  Head  Casings.*    (aa)  Jan.  28. 

The  Management  of  Metalliferous  Mines.    Albert  Williams,  Jr.    (9)  Feb. 

Gold  Mining  in  Wales.*    W.  H.  Booth.    (10)  Feb. 

The  Sampling  and  Estimation  of  Ore  in  a  Mine.*  T.  A.  Rickard.  ( 16 )  Serial  beginning 
Feb.  7. 

Miscellaneous. 

The  Metric  System.    A.  Sonnenscheln.    (39)  Jan.  23. 

Municipal. 

Fire  Mains.*    John  C.  Trautwine.  Jr.    <a)  Jan. 

Philadelphia  High* Pressure  Fire  Service.*    John  E.  Codman.    (a)  Jan. 

Stationary  Fire  Pumps.    George  J.  Jones.    (46)  Jan.  24. 

Warren's  Bituminous  Macadam  Pavement.    C  A.  Kenyon.     (Paper  read  before  the 

Indiana  Eng.  Soc. )    (60)  Feb:  (Abstract  of  Paper  read  before  the  Indiana  Eng.  Soc. ) 

(14)  Jan.  81. 
The  Advantages  of  a  Bituminous  Filler  For  Brick  Pavements.    (Paper  read  before  the 

Indiana  Eng.  Soc.)    (60)  Feb. 

Railroad. 

Some   Features  of  the  Guayaquil  and  Quito  Railway.  Ecuador.*    William  D.  Beatty. 

(a)  Jan. 
Westinghouse  Friction  Draft  Gear.*    (ai)  Jan. 
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Rallroad-(  Continued ) . 

Low  Pressure  Pneumatic  Signalling  at  Salisbury.*    (ai)  Jan.;  (15)  Jan.  28. 

The  Rutland-Canadian  Railway  and  Its  Structures.*    John  W.  Burke.    (13)  Jan.  15. 

Gdldsdorf  Compound  Locomotives.*    Reginald  Gordon.    (15)  Jan.  10. 

New  Car  8hope  for  the  D..  L.  &  W.  R.  R.  at  Scranton,  Pa.*    (18)  Jan.  17. 

The  New  York  City  Terminal  of  the  Pennsylvania  Railroad.    (14)  Jan.  17. 

The  Hibbard  Valve  for  Braking  Empty  and  Loaded  Cars.*    (15)  Jan.  28. 

"  Decapod  "  Passenger  Locomotive  for  the  Great  Eastern  Railway.    (11 )  Jan.  88. 

L.  B.  and  8.  C.  Railway  Improvements.*    (la)  Serial  beginning  Jan.  28. 

Terminal  Station  and  Freight-Handling'  System  for  Interurban  Electric  Railways  at 

Cincinnati,  O.    (13)  Jan.  29. 
Some  Recent  Practice  in  Rail  Making.*    (15)  Jan.  80. 
The  Westinghouse  Electro-Pneumatic  Train  Control  System.    ( 15)  Jan.  80. 
Mikado  Type  Freight  Locomotive,  Atchison,  Topeka  &  Santa  Fe  Ry.*    (18)  Jan.  81. 
New  Freight  Locomotive  for  the  "  Burlington  ";  2-8-0  Type.*    (as)  Feb. 


The  New  Roundhouse  at  Rensselaer,  New  York  Central  &  Hudson  River  Railroad; 

Heating  and  Lighting  Systems.*    (as)  Feb. 
The  Comparison  of  Locomotives.    Lawford  H.  Fry.    (m)  Feb. 


Heating  and  Lighting  Systems.*    (as)  Feb. 
e  Comparison  of  Locomotives.    Lawford  H.  Fry.    (m) 
Railway  Shops.    R.  H.  Soule.    (as)  Serial  beginning  Feb. 
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It  is  intended  to  set  forth,  in  this  paper,  some  of  the  results  which 
have  been  attained  in  the  use  of  the  sand-blast  in  cleaning  steel  plates 
and  structural  steel.  Some  data  as  to  the  cost  and  other  elements 
which  enter  into  its  application  will  be  presented,  in  the  hope  that  pos- 
sibly something  may  be  added  to  the  facility  of  making  approximately 
accurate  estimates  of  the  cost  of  any  sand-blast  cleaning  which  may  be 
in  contemplation  hereafter.  Some  of  the  work  heretofore  done  has  been 
referred  to  in  a  paper,  published  in  Engineering  News  of  April  24th, 
1902;  and  in  it  the  cost  of  cleaning  12  600  sq.  ft.  of  the  Front  Street 
Viaduct  oyer  the  Little  Miami  Railroad,  in  Golumbus,  Ghio,  was  stated* 
In  presenting  the  experience  gained  in  the  continuance  of  the  work 
during  the  season  of  1902,  giving  results  in  cleaning  a  total  area  of 
135  500  sq.  ft.  on  viaducts  in  that  city,  which  have  been  repainted  since 
the  early  part  of  November,  1901,  it  is  hoped  to  add  a  record  of  at  least 
some  value. 

If  it  leads  to  a  thorough  discussion,  and  if  members  of  the  Society 
add  to  the  record,  the  most  important  part  of  the  purpose  in  present- 
ing this  paper  will  have  been  realized. 


Nots.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 

"  *  "  ntaf    *  * 

.. written,  will  be  pub! 

subsequent  number  of  Proceeding*,  and,  when  finally  closed,  the  papers,  with  discussion 


Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 


sent  by  mail  to  the  Secretary.    Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceeding;  and,  \  ' 
in  full,  will  be  published  in  Transactions. 
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Daring  the  past  few  years  some  attention  has  been  given  to  attempts 
to  secure  thorough  cleaning  of  structural  steel  before  the  application 
of  the  preservative  coating;  but,  unfortunately,  we  are  still  far  from 
the  realization  of  the  kind  of  work  which  should  be  required.  Much 
has  been  written  relative  to  the  kind  of  paint  which  will  best  preserve 
the  steel  and  iron  used  so  extensively  in  a  great  variety  of  structures. 
In  the  discussion,  which  has  been  going  on  for  many  years,  many 
have  argued  very  strenuously  against;  and  many  just  as  earnestly  in 
favor  of,  perhaps  every  kind  of  paint  now  used  largely  as  preservatives 
of  ferric  structures  from  the  ravages  of  rust  and  corrosion.  But,  in 
the  discussion,  they  have  often  lost  sight  of  the  very  important  matter 
of  cleaning  the  steel  properly.  On  account  of  the  great  deterioration 
of  such  structures,  in  the  past,  whether  by  reason  of  exposure  to  the 
weather  on  land  or  at  sea,  or  to  the  action  of  acids,  or  the  gases  and 
moisture  of  coal  combustion,  in  combination  with  the  oxygen  of  the 
atmosphere,  this  is  a  question  of  vital  interest  to  all  engineers  and 
others  concerned  in  their  erection  or  maintenance.  Nevertheless,  com- 
paratively little  has  been  done  thus  far  toward  securing  such  cleaning 
as  will  insure  a  much  longer  life  for,  as  well  as  economy  in  the  main- 
tenance of,  such  structures.  The  dawn  of  a  better  day  seems  to  have 
appeared,  in  the  application  of  better  methods,  in  some  instances,  on 
new  work,  and,  in  more  cases,  on  the  old ;  and  it  is  to  be  hoped  that 
the  full  light  of  that  day  may  soon  be  seen,  in  the  results  on  new  work 
in  the  shop — as  a  provision  for  the  future — and  on  old  structures — to 
undo,  as  far  as  possible,  the  neglect  of  the  past. 

It  has  often  been  observed  that  mill  marks  made  with  paint  of  a 
very  inferior  quality  have  afforded  good  protection  to  steel,  while 
other  portions,  covered  with  a  much  better  paint,  have  been  much 
affected  by  rust,  the  latter  even  extending  under  paint  which,  for  the 
most  part,  has  still  retained  its  continuity  and  elastic  qualities.  The 
explanation  is  found  in  the  facts  that  the  mill  marks  were  made  when 
the  metal  was  clean,  and  that  the  paint  applied  subsequently  was 
spread  upon  the  mill  scale,  rust  and  grease  which  had  accumulated 
upon  it  before  the  shop  work  was  finished.  However  excellent  may  be 
its  qualities,  it  is*  absurd  to  expect  any  paint  to  preserve  steel  to  which 
it  is  applied,  unless  the  mill  scale,  rust,  dirt  and  grease  have  been  first 
removed.  This  observation  applies  with  equal,  or,  it  may  be  said,  with 
even  greater,  force,  to  the  repainting  of  old  structures  which  have  been 
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neglected,  and  upon  which  rust  and  corrosion  have  proceeded  so  far 
that  it  is  impossible  to  secure  good  preservation  by  ordinary  methods 
of  cleaning.  Having  this  knowledge  in  mind,  it  is  proper  to  determine, 
from  the  conditions  met  in  any  case,  what  is  necessary  to  be  done  in 
order  to  insure  that  the  preservative  coating  shall  be  applied  only  after 
the  surface  of  the  metal  is  clean  and  in  proper  condition  to  receive  it. 
To  accomplish  this,  there  is  no  doubt  that  much  of  the  new  as  well  as 
old  steel  will  be  required  to  be  cleaned  by  means  of  the  sand-blast,  as 
the  only  practicable  and  effective  method.  Much  of  the  steel,  after 
leaving  the  mills,  is  stored  out-of-doors  and  exposed  to  the  weather  for 
a  considerable  length  of  time  before  the  shop  work  is  done.  Thus  its 
rusting  often  progresses  to  such  an  extent  that  the  ordinary  process 
of  cleaning  with  wire  brushes,  even  if  that  be  attempted,  is  not  suffi- 
cient to  permit  the  paint  to  come  into  immediate  contact  with  and  be- 
come firmly  adherent  to  the  metal.  The  quality  of  the  paint  used,  on 
new  structures  as  well  as  old,  is  an  important  matter;  but  that  cannot 
be  discussed  in  this  paper. 

The  effectiveness  of  the  sand-blast  process  depends  upon  the 
ability  of  sand,  used  as  a  projectile,  to  break  up,  wear  away  and  re- 
move the  substances  against  which  it  is  directed,  when  actuated  by  s 
current  of  compressed  air.  All  the  machines,  often  called  mixers,  for 
the  application  of  this  process,  are  intended  to  secure  the  introduc- 
tion of  the  proper  proportion  of  sand  into  a  current  of  oompressed 
Air  passing  through  a  pipe.  This  current  of  oompressed  air, 
bearing  with  it  the  sand  thus  introduced,  is  then  directed  into 
and  through  rubber  hose,  preferably  2J  or  2J  ins.  in  diameter,  and  a 
steel  or  iron  nozzle  of  suitable  size,  and  against  the  surface  to  be 
cleaned.  Sometimes  the  air-blast  alone  may  be  used  to  remove  dust 
and  soot.  Such  an  applianoe  was  first  invented  and  patented  by  Gen- 
eral Benjamin  C.  Til gh  man,  the  patent  being  issued  on  October  18th, 
1870.  This  applianoe,  as  improved  by  Mathewson,  is  still  on  the  mar- 
ket. In  this  apparatus,  a  slotted  slide,  operated  by  a  lever,  regulates 
the  quantity  of  sand  introduced  into  the  current  of  air.  This  is  shown 
by  the  sectional  drawing,  Fig.  1. 

In  the  Paxson-Warren  machine,  Fig.  2,  the  feed  of  the  sand 
is  regulated  by  a  revolving  piece,  or  valve,  whioh  covers  the 
opening  in  the  bottom  of  the  hopper  to  the  extent  desired  to 
let  the  proper  quantity  of  sand  fall  through  it  and  into  the  air 
pipe. 
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In  the  machine  patented  by  J.  M.  Newhouse,  of  Columbus,  Ohio, 
shown  in  Fig.  8,  the  sand  passes  from  the  hopper  at  the  bottom 
through  an  annular  opening  around  the  end  of  a  nozzle-shaped  steel 
piece,  which  decreases  in  its  outer  circumference  toward  the  end;  and, 
by  raising  or  lowering  it,  this  ahhuLm*  opening  may  be  increased  or 
diminished  in  size.     The  distinguishing  feature  of  this  appliance  is 

MATHEWSON'S  SAND-BLAST. 

(TRADE  NAME,  TILGHMAN.) 


FlO.  1. 

the  use  of  this  nozzle  as  a  siphon,  with  its  perforations  as  shown. 
The  small  holes  permit  part  of  the  air  which  flows  through  the 
small  pipe  and  the  siphon  to  escape  outwardly  through  the  sur- 
rounding sand,  thus  stirring  it  up  and  preventing  it  from  clogging  at 
the  opening.  A  similar  siphon,  without  the  perforations,  is  placed  in 
the  air  pipe. 
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Possibly  there  are  other  machines,  but  the  writer  is  not  familiar  with 
them.  Any  of  the  sand  mixers  may  be  made  with  two  chambers,  with 
valves  arranged  so  as  to  lock  the  sand  through  the  upper  one  into  the 
lower  one  while  the  sand-blast  is  in  operation. 

The  greatest  merit  of  the  sand-blast  is  that  it  removes  from  the 
surface  of  the  metal  every  trace  of  dirt,  scale,  rust  and  grease,  and 

WARREN'S  SAND-BLAST. 

(TRADE  NAME.  PAX80N-WARREN.) 


Fio.  2. 

the  bright  metallic  surface  is  everywhere  exposed  and  perfectly 
clean.  This  is  an  ideal  condition  to  secure  the  strong  adhesion  of  the 
paint,  so  that,  as  far  as  it  is  possible,  it  will  protect  the  metal.  The 
thoroughness  of  the  cleaning  effected  by  the  sand-blast  is  noted  espe- 
cially upon  metal  surfaces  which  have  been  pitted  by  rust  and  corro- 
sion to  a  considerable  degree.    The  pits  are  thus  cleaned  as  thor* 
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oughly  as  other  places.  It  also  reaches  and  cleans  effectually  every 
portion,  in  re-entrant  angles  and  on  the  edges  of  the  different  sec- 
tions of  a  beam,  girder  or  post,  on  and  aronnd  rivet  heads,  and  in 
many  other  places  either  entirely  inaccessible  to  the  wire-brash  or 
steel  scraper,  or  on  which  they  are  used  with  great  difficulty  and  little 
effect. 


THE  NEWHOUSE  SAND-BLAST. 
Fio.  8. 

Such  places  cannot  be  cleaned  thoroughly  by  hand,  even  with  the 
most  diligent  effort.  Even  plane  surfaces  of  considerable  area,  on 
old  structures  requiring  repainting,  especially  where  covered  largely 
with  scales  and  rust,  cannot  be  thus  cleaned  so  as  to  remove  all  the 
dirt,  rust,  scale  and  disintegrating  paint.  There  will  still  remain 
sufficient  rust  and  scale  to  separate  slightly  the  paint  from  the  metal, 
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so  that  there  is  not  the  intimate  contact  and  firm  adhesion  necessary 
to  prevent  the  rusting  process.  The  continuity  of  the  coat  of  paint 
will  soon  be  broken  at  places,  and,  moisture  and  gases  in  the  atmosphere 
coming  in  contact  with  the  metal,  rust  will  be  formed  even  under  places 
where  the  paint  remains  intact. 

Paint  applied  to  such  surfaces  can  often  be  stripped  off  like  the 
peel  of  an  orange,  and  still  remains  tough  and  elastic.  Good  paint,  it 
may  be,  but  it  has  never  taken  a  good  hold  on  the  steel.  On  the  other 
hand,  the  writer  has  seen  a  piece  of  old  steel,  which  was  cleaned  and 
painted  with  red  lead  in  1899,  on  which  the  paint  will  not  peel  off  ai 
all,  but  may  be  out  away,  still  leaving  the  under  portion  tightly  ad- 
hering to  the  steel. 

The  sand-blast  has  been  found  serviceable  and  economical  for 
other  purposes  than  the  cleaning  of  steel  plates  and  structural  steeL 
It  is  used  in  cleaning  iron  and  brass  castings,  either  by  the  direct 
application  of  the  blast,  or  by  introducing  the  sand-blast  through 
the  hollow  trunnion  of  the  tumbling  barrel  in  which  the  castings  are 
placed.  The  inner,  as  well  as  the  outer,  surfaces  of  castings  are  thus 
cleaned,  and  the  sharp  lines  of  the  edges  preserved,  while  the  cleaning 
effected  by  the  tumbling  barrel  without  the  sand-blast  tends  to  round 
off  the  corners.  Its  use  to  clean  street-railway  rails  and  fish-plates, 
for  cast  and  electric  welding,  is  familiar  to  all.  It  is  also  quite  effec- 
tive in  cleaning  cut-stone  work.  One  of  the  ice-manufacturing  com- 
panies of  Columbus,  Ohio,  has  recently  purchased  a  sand-blast  machine 
for  use  in  removing  from  its  condenser  pipes  the  lime  scale  formed  from 
the  hard  water  used. 

The  Columbus  Railway  Company  has  made  use  of  it  in  cleaning 
about  18  ins.  in  length  of  a  large  number  of  its  iron  trolley  poles, 
just  above  and  below  the  surface  of  the  ground.  At  this  point  the 
poles  had  rusted  to  such  an  extent  as  to  weaken  them  materially, 
and  it  would  soon  have  been  necessary  to  replace  many  of  them. 
After  cleaning  in  this  way,  a  coat  of  paint  was  immediately  applied, 
and,  soon  afterward,  each  pole  was  encased  in  a  cylinder  of  cement 
mortar  tamped  into  removable  forms. 

The  sand-blast  has  also  been  used  at  the  shops  of  the  Pan  Handle 
Railway,  and  in  other  railroad  shops,  in  cleaning  the  tenders  of  loco- 
motives before  repainting.  A  great  saving  of  expense  is  thus  realized, 
and  superior  work  is  obtained.     It  would  be  attempting  too  much  to- 
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take  up  the  methods  and  relative  costs  in  these  various  lines  of  sand- 
blast work. 

It  seems  that,  beyond  a  few  scattered  experiments,  only  during  the 
past  six  or  seven  years  may  be  found  any  published  record  of  the  appli- 
cation of  this  process  to  the  cleaning  of  structural  steel.  And,  even  in 
these  recent  years,  no  very  great  amonnt  of  such  cleaning  has  been  done. 
Most  of  the  trials  heretofore  made  have  been  upon  a  somewhat  experi- 
mental basis,  and  yet  something  may  be  learned  from  them.  It  is  still 
rather  problematical  as  to  .how  cheaply  the  mill  scale,  rust  and  grease 
could  be  cleaned  from  new  steel  plates  and  structural  steel,  if  an  efficient 
permanent  plant  were  provided  for  the  purpose.  Some  new  plates  for 
the  bilge  keels  of  the  Massachusetts  were  cleaned  at  the  United  States 
Navy  Yard,  Brooklyn,  in  April,  1897.  With  one  nozzle,  3  155  sq.  ft. 
of  surface  were  cleaned  in  11  hours.  This  is  at  the  rate  of  286.8  sq.  ft. 
per  hour.  The  cost  of  the  work  was  0.56  cent  per  square  foot.  Upon 
this  basis  the  writer  estimated  that  the  sand-blast  cleaning  of  new  steel 
plates,  I-beams  and  other  sections,  would  cost  from  60  cents  per  ton, 
for  very  heavy  sections,  to  $1.75  per  ton,  for  light  sections.  This 
would  not  be  a  very  large  additional  expenditure  upon  steel  structures, 
considering  the  longer  life  which  it  would,  no  doubt,  insure  for  the 
steel  thus  treated.  The  rapid  deterioration  and  wasting  away  which 
has  been  observed  on  bridges  and  other  structures  may  well  cause 
builders  of  steel-framed  buildings  to  consider  the  advisability  of 
cleaning  the  steel  in  this  way,  before  painting  it  and  hiding  it  from 
inspection  in  the  walls.  The  safety  as  well  as  the  durability  of  such 
buildings  may  depend  upon  better  provision  against  the  rusting  out  of 
these  steel  frames.    Who  knows? 

The  steel  for  the  anchorages  of  the  cables  of  the  New  East  River 
Bridge  were  cleaned  by  the  sand-blast,  under  the  direction  of  L.  L. 
Buck,  M.  Am.  Soc.  G.  E.,  Chief  Engineer.  This  was  done  for  the 
special  reason  that  it  would  be  "  buried  in  the  masonry,  and  would  be 
totally  inaccessible  for  all  time."  This  process  was  also  used  on  some 
of  the  steel  in  the  Boston  subways,  Howard  A.  Carson,  M.  Am.  Soc. 
C.  E.,  Chief  Engineer.  The  writer  has  no  figures  as  to  the  cost  in 
these  cases. 

Much  of  the  expense  of  repainting  in  the  future  would  be  saved  if 
greater  care  were  taken  in  securing  thorough  cleaning  at  the  shops 
before  applying  the  first  coat  of  paint  to  new  work.    If  this  is  to  be 
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accomplished,  it  will  in  many  oases  be  found  necessary  to  use  the 
sand-blast;  but  this  will  not  be  done  until  the  purchaser  is  willing  to 
pay  for  it;  and  he  must  be  convinced  of  its  necessity  and  ultimate 
economy  before  he  will  be  willing  to  do  so.  When  there  is  a  demand 
for  it,  the  shops  will  be  equipped  with  the  necessary  machinery,  and 
will  be  able  to  do  it  more  cheaply.  At  present,  one  shop  has  to  bid 
against  the  other,  and,  none  of  them  being  required  to  make  bids  with 
such  cleaning  as  a  part  of  the  specifications,  the  bids  are  such  that 
the  shops  probably  cannot  afford  to  clean  the  steel  properly,  in  some 
,  instances  at  least.  They  are  averse  to  this  process  because  of  the 
expense  of  fitting  up  for  it,  the  delay  in  getting  the  work  out,  and  the 
cost  of  handling.  Therefore  the  purchaser  must  be  the  prime  mover 
in  securing  such  work. 

In  the  cleaning  of  old  structures  for  repainting,  this  process  has 
been  more  extensively  applied,  and,  therefore,  there  are  better  data 
relative  to  such  work  than  as  to  the  cost  of  cleaning  new  steel  at 
the  shops.  The  necessity  of  its  use  to  preserve  old  structures  requir- 
ing repainting  is  more  apparent  than  the  more  remote  future  saving 
of  the  expense  of  its  application  for  repainting,  by  a  much  smaller 
outlay  to  secure  thorough  cleaning  before  erection. 

During  the  latter  part  of  March  and  the  first  two  days  of  April, 
1897,  the  bottom  of  the  United  States  Steamship  Atlanta  was  cleaned  at 
the  United  States  Navy  Yard,  Brooklyn,  by  means  of  the  sand-blast, 
the  plant  used  being  furnished  by  Ward  and  Nash,  of  26  Whitehall 
Street,  New  York  City,  who  had  the  contract  for  the  work.  Its  cost 
was  4.24  cents  per  square  foot;  but  the  work  was  done  on  a  more  or 
less  experimental  basis,  and,  with  the  added  experience  of  the  past 
eix  years,  and  a  more  perfect  plant,  it  could  probably  be  done  for  much 
less. 

The  work  done  on  the  One  Hundred  and  Fifty-fifth  Street  Viaduct, 

in  New  York  City,  under  the  direction  of  E.  P.  North,  M.  Am.  Soc.  C. 

£.,  Consulting  Engineer,  during  the  year  1897,  is  familiar  to  all.*  The 

cost  of  this  work  was  reported  as  averaging  about  13  cents  per  square 

foot,  ranging  from  20  cents,  at  the  first,  down  to  a  little  less  than  10 

cents,  in  the  latter  part  of  the  work  of  cleaning  50  000  sq.  ft.  of  surface. 

The  pressure  of  compressed  air  then  used  was  only  about  20  lbs.  at 

the  sand-blast  apparatus,  which  is  without  doubt  too  low  a  pressure 

♦  Engineering  News,  September  23d,  1897,  p.  196;  The  Engineering  Record,  September 
40th,  1897,  p.  856;  and  other  engineering  periodicals. 
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for  the  efficient  removal  of  scale  such  as  had  accumulated  there.  It 
would  seem,  from  recent  experience,  that  a  pressure  of  36  lbs.  would 
have  been  much  more  effective.  This  is  true,  because  the  viaduct  was 
covered  to  a  considerable  extent  with  heavy  rust  scale  and  four  layers 
of  old  paint,  and  a  pressure  of  35  lbs.  would  "have  made  the  sand 
projectiles  much  more  efficient  in  breaking  up  and  throwing  off  such 
scale.  M.  £.  Evans,  Assoc.  M.  Am.  Soc.  0.  E.,  who  was  in  immediate 
charge,  estimated  that  the  600  000  sq.  ft.  of  the  painting  surface  of 
the  viaduct  could  be  cleaned  for  about  7.5  cents  per  square  foot.  It 
is  quite  probable  that  this  could  be  done  now  at  half  that  estimate,  at 
least  on  all  portions  of  the  viaduct  except  the  members  having  a  very 
small  extent  of  surface,  where  much  sand  and  air  are  wasted  in  missing 
the  steel  along  the  edges. 

The  next  work  of  this  kind  reported  upon  was  the  cleaning  of  the 
iron  lock-gates  and  a  portion  of  the  aqueduct  of  the  Muscle  Shoals 
Oanal,  during  the  years  1898  and  1899,  under  the  engineers  of  the 
United  States  War  Department.  The  first  report  of  this,  made  before 
its  completion,  is  found  in  the  House  Documents  for  1898-9.*  This' 
covers  the  work  done  to  June  30th,  1898;  and,  on  page  1926,  Major 
Kingman  states  that  the  cost  for  cleaning  was  about  2.3  cents  per 
square  foot.  In  the  reportf  of  Sydney  B.  Williamson,  M.  Am.  Soc. 
€.  E.,  made  after  the  completion  of  the  work  in  1899,  the  cost  of  clean- 
ing 49  664  sq.  ft.,  and  painting  it  with  red  lead,  is  stated  to  be  $0.0588 
per  square  foot.  Allowing  a  reasonable  amount  for  the  painting,  it 
is  probable  that  3  cents  per  square  foot  would  be  very  near  the  cost 
of  the  cleaning  alone.  In  this  case  the  plant  was  erected  on  a  barge, 
roofed  over,  and  was  very  well  arranged  to  accomplish  the  work.  The 
cost  of  the  plant  was  included  in  this  statement,  and  the  same  plant 
could  be  used  for  continuing  such  work.  This  cost  was  about  one- 
third  of  the  whole  cost  of  cleaning  and  painting. 

During  the  year  1899  the  Pittsburg,  Cincinnati,  Chicago  and  St. 

Louis  Railway  Company  used  the  sand-blast  for  cleaning  the  columns 

and  girders  supporting  its  buildings  over  the  railroad  tracks,  along 

the  east  side  of  the  High  Street  Viaduct,  in  Columbus,  Ohio.     The 

girders  support  brick  arches,  and  there  are  no  buckle  plates.     They 

are  subjected  to  the  blast,  gases  and  steam  from  the  large  number  of 

locomotives  passing  to  and  from  the  Union  Depot,  and  freight  and 

*  War  Department  Reports,  Engineers,  Part  8,  p.  1086  et  acq. 
t  Engineer's  Report,  Part  8,  p.  989,  House  Doc.  for  1890  to  1900. 
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switch  engines  passing  nnder  them  at  frequent  intervals.  This  com- 
pany also  cleaned  part  or  all  of  a  bridge  at  Akron,  Ohio.  No  accurate 
account  was  kept  of  the  cost  and  the  area  cleaned;  but,  from  the  best 
available  information,  it  is  estimated  to  have  been  about  3  cents  per 
square  foot.  J.  M.  Newhouse,  the  inventor  and  patentee  of  the  New- 
house  sand-blast,  is  foreman  for  this  company,  and  his  apparatus  was 
used  in  doing  the  work. 

The  City  of  Columbus,  Ohio,  has  six  viaducts  in  the  vicinity  of  the 
Union  Station,  by  which  the  streets  pass  over  the  railroad  tracks.  All 
the  railroads  passing  through  the  city,  except  one,  enter  and  leave  the 
Union  Station  under  the  Fourth  Street  "Viaduct  near  the  east  end,  and 
the  High  Street  Viaduct  near  the  west  end;  and  some  of  them  pass 
under  each  of  the  other  viaducts,  one  to  the  west  and  three  to  the 
southwest  from  the  Jligh  Street  Viaduct.  Besides  the  freight  and 
passenger  trains  passing  under  them,  much  switching  iB  done  under 
each  by  the  yard  engines.  Hence,  all  these  viaducts  have  been  attacked 
seriously  by  rust  and  corrosion;  and,  on  the  portions  most  exposed  to 
the  blast,  steam  and  gases  from  the  locomotives,  nearly  all  the  paint 
has  been  destroyed  and  the  metal  consumed  to  a  considerable  extent. 
The  Fourth  Street  Viaduct  has  been  injured  most,  and  two  years  ago 
it  was  cleaned  by  hand  and  repainted.  This  viaduct  was  erected  in 
1891,  and  was  repainted  in  June,  1894,  in  September,  1896,  and  again, 
at  the  time  above  mentioned,  in  the  fall  of  1900.  When  the  last  re- 
painting was  progressing  it  was  found  necessary  to  replace  with  new 
ones  seventeen  of  the  7-in.  I-beams  supporting  the  plank  floors  of  the 
sidewalks  over  the  tracks  most  used  by  freight  trains  and  yard  engines. 
Fig.  1,  Plate  XVI,  is  from  a  photograph  of  three  of  these  I-beams, 
taken  after  their  removal,  after  nine  years'  service.  At  the  time  this 
was  done,  the  lower  flange-angles  of  many  of  the  stringers  supporting 
the  buckle-plates  under  the  roadway  had  been  rusted  away  until  very 
thin ;  and  in  places  the  horizontal  legs  of  the  angles  had  been  partly 
eaten  away,  so  as  to  narrow  them  to  about  half  their  original  width. 
These,  however,  were  still  considered  of  sufficient  section  to  last  for 
a  time,  and  were  not  replaced  then.  The  viaduct  was  painted  under 
a  contract,  and  considerable  care  was  taken  in  trying  to  clean  it  as 
thoroughly  as  possible  with  steel  scrapers,  brushes,  chisels  and  ham- 
mers. The  hammers  were  often  vigorously  used  to  jar  the  scales 
loose  by  blows  against  the  steel,  and  then  scrapers,  chisels  and  wire- 
brushes  used  to  complete  the  work. 
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At  that  time  the  sand-blast  was  suggested  by  the  Engineering  De- 
partment, bnt  was  not  used.  With  as  thorough  work  as  conld  be  done, 
many  scales,  so  tightly  cemented  to  the  steel  that  they  conld  not  be 
detached,  were  loosened,  npon  the  application  of  the  first  coat  of  paint, 
by  the  softening  effect  of  the  oil  acting  npon  the  cementing  rnst.  The 
paint  then  applied  began  to  scale  in  places  within  six  months  there- 
after, partly  due  to  the  inferior  quality  of  the  first  coat  of  paint  and 
partly  to  the  rust,  soot  and  scale  left  upon  the  steel  when  repainted. 
The  flange-angle*  of  the  floor  stringers  continued  to  waste  away,  and, 
in  the  summer  of  1902,  it  was  found  necessary  to  replace,  by  new 
ones,  the  two  angles  of  the  lower  flange  on  each  of  ninety  floor  string- 
ers. The  need  of  this  is  apparent  from  Plate  XV,  which  is  a  pho- 
tograph of  some  of  the  angles  taken  after  their  removal. 

The  new  angles  were  surrounded  with  a  covering  of .  Portland 
cement  mortar,  1  to  2  mixture,  about }  to  1  in.  thick.  This  was  rammed 
under  the  lower  surface  of  each  beam,  between  it  and  a  plank 
form,  which  was  left  to  hold  it  against  the  steel  until  it  had  set  for  48 
hours.  A  wire  netting,  four  meshes  to  the  inch,  secured  by  sheet-iron 
fasteners  placed  on  the  rivets  as  they  were  driven,  was  placed  so  as  to 
surround  the  lower  flange-angles  before  the  cement  mortar  was  applied. 
The  cement  covers  the  angles  and  netting  completely,'  and  is  expected 
to  protect  them  from  rust.  After  seven  months  the  cement  is  still 
intact,  and  shows  no  sign  of  cracking. 

In  view  of  the  rapid  deterioration  of  the  viaducts  of  the  city,  and 
the  prospect  of  having  to  replace  them  in  a  few  years  unless  some- 
thing were  done  to  arrest  it,  the  city  authorities  were  induced  to  adopt 
the  sand-blast  as  a  means  of  cleaning  them  before  repainting.  Julian 
Griggs,  M.  Am.  Soc.  G.  E.,  Chief  Engineer  of  the  Department  of 
Public  Improvements,  had  been  very  earnest  in  the  advocacy  of  this 
course,  believing  it  to  be  the  only  one  that  would  be  effective. 
Accordingly,  in  November,  1901,  the  work  was  commenced  on  the 
Front  Street  Viaduct,  over  the  Little  Miami  Railroad,  and  12  600  sq. 
ft.  were  cleaned  and  repainted,  under  the  supervision  of  the  writer  as 
engineer  in  charge.  When  the  weather  became  suitable  for  it,  in  April , 
1902,  the  work  was  resumed  and  continued  on  this  and  the  other 
viaducts  named  until  the  middle  of  November.  The  cleaning  done 
amounted,  in  all,  to  136  500  sq.  ft.  of  surface.  The  cost  and  other 
data  relative  thereto  are  shown  in  Table  No.  1.    Four  viaducts  and 
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the  south  span  of  the  High  Street  Viaduct  were  completed.  It  is  likely 
that  the  other  three  spans  of  the  High  Street  Viaduct,  and  the  Fourth 
Street  Viaduct,  will  be  cleaned  and  repainted  during  the  coming 
season  of  1903. 

It  was  impracticable  to  secure  good  contract  work  at  a  reasonable 
price,  and  all  the  sand-blast  cleaning,  as  well  as  the  painting,  was 
done  by  men  hired  by  the  day.  Two  Newhouse  sand-blast  machines, 
mounted  on  light  trucks,  so  that  they  could  be  moved  about  and  placed 
where  convenient  for  the  work,  were  used  in  cleaning  the  viaducts 
named  in  Table  No.  1.  A  wire-bound,  lj-ia.,  rubber  air-hose,  50  ft. 
in  length,  connected  each  machine  with  the  2-in.  air  pipe.  Old  rubber 
hose,  which  was  much  cheaper  than  new,  was  used  for  the  sand  hose, 
part  of  it  being  2J  and  part  2£  ins.  in  diameter.  The  nozzles  used 
were  J-in.,  extra  heavy,  gas  pipe,  of  various  lengths,  from  12  to  24  ins. 
A  length  of  at  least  12  ins.  seems  to  direct  the  blast  with  more  effect 
than  a  shorter  one.  This  was  used  instead  of  tool  steel  or  other  hard 
pipe  because  it  was  believed  that  it  would  last  nearly  as  long  and  cost 
much  less.  The  average  length  of  time  one  nozzle  lasted  was  about 
5  hours,  as  shown  by  the  length  of  pipe  used  and  the  total  hours 
run.  The  nozzle  was  connected  to  the  sand  hose  by  a  heavy,  special 
cast  reducer,  abt>ut  \  in.  thick.  This  is  shown  in  Fig.  2,  Plate  XVI, 
which  also  shows  a  blower  used  at  the  High  Street  Viaduct.  This 
reducer  was  made  thick,  to  sustain  the  wear  caused  by  the  deflection 
of  the  sand  into  the  small  nozzle  pipe.  The  most  severe  wear  of  the 
nozzles  is  at  a  point  3  ins.  from  the  connection  with  the  reducer.  The 
four  worn  nozzles,  in  Fig.  3,  Plate  XVI,  show  the  characteristic  form 
of  the  failure  of  the  nozzles  when  worn  out.  The  one  at  the  right  was 
selected  as  a  rare  exception,  it  being  worn  out  at  the  outflow  end. 
The  three-part  nozzle  at  the  left  wore  out  toward  the  center,  and  also 
just  outside  of  the  bushing,  in  which  the  three  J-in.  pipes  were  set 
with  babbitt  metal.  This  nozzle  was  made  only  for  the  purpose  of  a 
test,  which  is  recorded  in  Table  No.  2.  After  the  test,  it  was  used 
until  worn  out,  and  lasted,  in  all,  1  hour  and  19  minutes. 

It  will  be  noted  that  the  sand,  in  passing  from  the  large  sand  hose 
to  the  small  nozzle,  is  deflected  so  as  to  produce  a  cross-fire,  striking 
with  greatest  force  against  the  sides  of  the  small  pipe  near  the  reducer 
end.  A  like  wear  upon  the  rubber  sand  hose  occurs  near  its  connec- 
tion with  the  pipe  from  the  machine,  which  is  a  lj-in.  pipe,  and  the 
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Corroded  Angles  prom  Fourth  Street  Viaduct.  Columbus   Ohio. 
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spreading  out  of  the  sand  to  form  the  larger  stream  causes  it  to  strike 
against  the  sides  and  then  deflect  to  follow  the  direction  of  the  hose. 
One  foot  in  length,  or  sometimes  a  little  more1,  cut  from  this  end  of  the 
hose  occasionally,  fitted  it  for  farther  use.  The  length  of  sand  hose 
used  varied  from  25  to  65  ft.,  being  regulated  by  the  distance  of  the 
work  from  the  place  where  the  machine  had  to  be  placed.  As  the 
machines  could  not  be  placed  upon  scaffolding,  in  this  work,  at  least 
35  ft.  of  hose  were  required  on  nearly  all  the  work,  so  as  to  reach  from 
the  ground  to  the  floor  system,  from  16  to  20  ft.  above  the  tracks,  and 
in  some  places  out  over  the  tracks  as  far  as  30  to  40  ft. 

The  nozzlemen  should  be  men  of  some  judgment  and  intelligence, 
so  that  they  will  understand  how  to  manage  the  nozzle  to  make  the 
blast  most  effective.  In  Fig.  4,  Plate  XVI,  a  nozzleman  is  Bhown  in 
costume  ready  for  work.  The  helmets  worn  were  of  tin,  with  cloth 
curtains  hanging  to  the  shoulders  to  keep  out  the  dust,  as  far  as  pos- 
sible. Instead  of  using  wire  gauze  in  the  helmet,  two  pieces  of  glass 
were  used  for  the  nozzleman  to  see  through,  because  it  excluded  the 
dust  more  effectually.  When  frosted  over  by  rebounding  sand,  the 
glasses  were  removed  and  new  ones  inserted.  After  a  little  experience, 
a  good  nozzleman  will  learn  how  to  hold  the  nozzle  in  any  given  case, 
varying  its  distance  from  the  working  point  according  to  the  manner 
in  which  he  finds  it  is  operating.  Heavy  scale  requires  him  to  hold 
the  nozzle  close,  and  light  cleaning  oan  be  done  more  rapidly  by  hold- 
ing it  farther  away  and  permitting  the  blast  to  spread  somewhat  and 
thus  cut  a  wider  swath.  On  moderately  hard  places  about  5  to  6  ins. 
is  the  proper  distance.  To  make  it  clean  most  rapidly  he  must  also 
direct  the  blast  so  as  to  out  a  swath  clean  as  he  goes,  passing  first  in 
one  direction  and  then  in  the  other,  across  the  member  being  cleaned, 
so  as  to  leave  no  spots  to  which  he  must  go  back  and  thus  waste  the 
force  of  the  blast  on  clean  metal  around  them.  The  nozzle  should 
generally  be  directed  so  as  to  strike  the  surface  at  a  slight  inclination 
from  the  normal,  say  20  to  30°  away  from  the  nozzleman,  thus  blowing 
the  dust  and  sand  away.  The  cleaning  should  be  carried  forward 
from  the  nozzlemen,  so  that  the  blast  will  always  act  upon  the  exposed 
edge  of  scales,  rust,  or  old  paint,  and,  by  getting  under  any  loose  por- 
tions, throw  them  off  without  first  having  to  break  them  up. 

The  compressed  air  was  supplied  by  the  Union  Depot  Company, 
from  a  compressor  with  an  air  cylinder  of  14  ins.  diameter  and  a  stroke 
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of  12  ins. ,  compressing  the  air  to  a  gauge  pressure  of  50  to  60  lbs. 
The  number  of  strokes  was  regulated  automatically  so  as  to  keep  the 
pressure  nearly  constant.  The  air  was  led  from  the  compressor  to  a 
large  receiver,  and  then,  by  a  line  of  2 -in.  steel  pipe,  to  a  small  receiver 
at  the  viaduct  where  the  work  was  to  be  done.  From  this  receiver 
(having  a  capacity  of  about  9J  cu.  ft.)  the  air  was  conducted  to  the 
sand-blast  machines.  The  pressure  at  the  machines  was  usually  from 
SO  to  40  lbs.  The  requisite  length  of  2-in.  pipe  varied  from  about 
1  250  to  2  200  ft.  The  small  receiver  had  a  pet-cock  in  the  bottom  to 
let  out  accumulated  water,  and  it  removed  much  of  the  moisture  from 
the  air  used. 

The  compressed  air  was  paid  for  by  the  city,  at  the  rate  of  40  and 
45  cents  per  hour  for  one  machine,  and  60  cents  per  hour  for  two  ma- 
chines in  operation.  For  18%  of  the  time  only  one  machine  was  in 
operation.  This  made  the  work  cost  more,  because  two  machines  could 
have  been  operated  for  about  one  and  one-half  times  what  one  would 
cost.  A  foreman,  two  nozzlemen  and  three  laborers  could  operate  two 
machines  and  dry  the  sand  for  them.  The  foreman  was  paid  35  cents, 
nozzlemen  25  cents,  and  laborers  15  cents  during  one-half  of  the  time 
And,  after  that,  17}  cents  per  hour. 

The  sand  used  was  from  Lake  Erie.  An  attempt  was  made  to 
secure  rather  coarse,  clean  and  sharp  sand;  but  it  was  at  times  im- 
possible to  do  this  without  some  delay,  and  some  of  the  sand  used  was 
too  fine  and  made  much  dust  on  account  of  the  sUt  it  contained.  The 
sand  was  at  first  dried  in  two  old  locomotive  ash  pans,  with  old  ties 
for  fuel.  This  required  almost  constant  attendance  by  one  man,  to 
stir  it  up  and  keep  it  from  becoming  so  hot  as  to  make  the  grains 
brittle  and  ineffective. 

About  May  1st,  1902,  the  dryer  shown  in  Fig.  1,  Plate  XVII,  was 
made  by  fitting  a  sheet-steel  hopper  on  an  old  cast-iron  stove.  The 
wet  sand,  would  not  fall  through  thej-in.  holes  in  the  lower  part  of  the 
hopper,  but  would  as  soon  as  dry.  The  sand  was  permitted  to  cool 
for  a  few  hours  before  being  used,  as  hot  sand  caused  steam  and  was 
likely  to  choke  the  small  opening  in  the  bottom  of  the  hopper,  around 
the  end  of  the  siphon  nozzle.  The  objection  to  this  kind  of  a  dryer  is 
that  the  fire-pot,  being  surrounded  by  sand  in  contact  with  it,  burns 
out  in  a  short  time.    Two  fire  pots  were  required  in  six  months'  servioe. 

All  the  viaducts  named  in  Table  No.  1  have  buckle-plate  floor  sys- 
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LILLY  ON  THE  SAND-BLAST. 


Fio.   1.— Corroded  I-Beams  from  Fourth 
Street  Viaduct,  Columbus,  Ohio. 


Fio.   2.— Sand-Blast  Nozzle 
Reducer  and  Blower. 


Fio.  8.—  Worn-Out  Sand- Blast  Nozzles. 


Fio.  4.— Sand-Blast  Nozzlbman, 
in  Working  Costume. 
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terns,  exposing  a  large  amount  of  steel  surface  to  the  action  of  rust 
and  corrosion.  It  may  be  well  to  state  the  conditions  under  which  the 
work  of  cleaning  had  to  be  done,  in  order  to  give  a  better  understand- 
ing of  the  items  making  up  the  cost.  The  data  here  given  may  then 
be  better  analyzed  and  applied  to  any  other  proposed  sand-blast  clean- 
ing. The  first  four  viaducts  named  were  erected  during  1893  and  1894, 
and  all  were  repainted  during  August  and  September,  1896,  and  none 
of  them  had  been  repainted  since  that  time.  High  Street  Viaduct  was 
erected  in  the  latter  part  of  1893,  repainted  in  August,  1896,  and  again 
in  October,  1899.  The  cleaning  done  before  repainting,  in  each  of 
these  oases,  was  only  hand-cleaning.  All  appearances  indicate  that 
the  steel  of  the  Front  Street  Viaduct  over  the  Pittsburg,  Cincinnati, 
Chicago  and  St.  Louis,  and  the  Cleveland,  Cincinnati,  Chicago  and  St. 
Louis  Railways,  must  have  been  in  better  condition  than  that  of  any  of 
the  other  viaducts,  and  a  better  quality  of  paint  must  have  been  applied 
at  the  time  of  its  erection.  This  is  judged  largely  from  the  condition 
of  the  portions  of  the  viaducts  above  the  level  of  the  street  pavement 
and  protected  by  it  from  the  direct  action  of  the  blast  and  gases  from 
the  locomotives.  The  portions  below  the  pavement,  on  all  the  others, 
are  subjected  to  greater  wear  by  the  locomotive  blast  on  account  of 
their  small  clearance  above  the  stacks,  their  clearance  above  the  level 
of  the  railroad  tracks  being  only  16.33  to  16.75  ft.,  while  this  viaduct 
has  a  clearance  of  20.38  ft.  In  cleaning  them,  therefore,  it  was 
impossible  to  swing  any  staging  below  the  clearance  elevation,  in 
the  case  of  four  of  them.  The  Front  Street  and  the  Naghten  Street 
Viaducts  do  not  afford  sufficient  space  above  the  lower  surface  of  the 
plate  girders  in  which  a  man  can  work,  and  it  was  necessary  to  work 
from  movable  trestles,  about  12  ft.  high,  made  as  light  as  possible,  so 
that  they  could  be  moved  off  the  tracks  whenever  a  train  or  an  engine 
was  about  to  pass,  and  be  replaced  and  the  work  continued  when  the 
track  was  clear.  This  may  be  seen  in  the  view  of  the  Front  Street 
Viaduct,  Fig.  2,  Plate  XVIL 

Under  the  first  three  viaducts  mentioned  in  Table  No.  1,  there  are 
two  main  tracks  and  one  side  track,  with  a  spur  track  from  the  middle 
of  the  first,  making  four  tracks  under  the  east  half  of  it.  The  photo- 
graph of  this  viaduct  was  taken  from  a  point  very  near  the  outer  rail 
of  the  side  track  and  west  of  the  viaduct,  and  does  not  show  the  other 
tracks. 
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Fio.  1.— Sand  Drtkr. 


Fio.  2.— Front  Strbbt  Viaduct, 
Columbus,  Ohio. 


Fio.  8.— Part  of  Girders  and  Bucklb- 

Platrb  or  Maplb  Strbbt  Viaduct, 

Columbus,  Ohio. 


Fio.  4.— Part  of  North  Span  of  High 
Street  Viaduct,  Columbus,  Ohio. 
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The  movable  treaties  were  also  used,  part  of  the  time,  in  cleaning  the 
cover  plates  on  the  bottoms  of  the  girders  and  the  portion  of  the  work 
along  the  abutments  of  the  Maple  Street  Viadnct;  but  a  large  portion 
of  the  cleaning  was  done  from  staging  resting  npon  the  lower  cover 
plates  and  angles  of  the  plate  girders.  Pig.  3,  Plate  XVII,  shows  a 
portion  of  the  girders  and  buckle-plate  when  all  except  a  small  por- 
tion of  the  buckle-plate  and  the  web  of  the  girders,  where  scale  can  be 
seen,  had  been  cleaned  and  given  a  coat  of  red  lead.  Two  more  coats, 
of  a  paint  less  susceptible  to  the  action  of  combustion  gases,  were 
applied  afterward,  as  on  all  the  viaducts. 

To  secure  the  safety  of  the  men  while  at  work  on  these  three  via- 
ducts, when  using  the  trestles  over  the  tracks,  it  was  necessary  to 
have  flagmen  to  give  warning  of  the  approach  of  trains,  so  that  the 
trestles  could  be  removed  in  time  to  avoid  the  danger.  On  the  Maple 
Street  Viaduct  flagmen  were  not  needed  for  so  large  a  proportion  of  the 
time  as  on  the  other  two  viaducts.  The  cost  of  flagmen  alone  amounts 
to  about  0.2  cent  per  square  foot  on  the  first  two  in  Table  No.  1,  and 
0.07  cent  on  the  Maple  Street  Viaduct.  The  time  lost  on  account  of 
trains  and  switch  engines  sometimes  amounted  to  one-fourth  of  the 
working  time.  If  there  had  been  no  interruption  by  trains,  and  if 
flagmen  had  not  been  required,  a  fair  estimate,  from  approximate 
calculations,  based  on  records  of  the  time  lost  each  day  and  the  cost  of 
flagmen  would  reduce  the  cost  fo  the  work  to  about  the  following 
figures:  Front  Street  Viaduct,  2.3  cents;  Naghten  Street  Viaduct,  3 
cents,  and  Maple  Street  Viaduct,  2.45  cents,  per  square  foot.  Matched 
flooring  screens,  fastened  with  copper  nails,  were  placed  immediately 
over  the  main  tracks  and  under  the  floors  of  these  three  viaducts,  to 
protect  them  from  the  blast  from  locomotives. 

In  the  Front  Street  Viaduct,  over  the  Pittsburg,  Cincinnati,  Chi- 
cago and  St.  Louis  and  the  Cleveland,  Cincinnati,  Chicago  and  St. 
Louis  Railways,  in  which  the  clearance  was  20.33  ft.,  the  staging  was 
supported  on  iron  hangers  which  reached  2  ft.  below  the  lower  flanges 
of  the  floor  beams.  This  space,  with  the  29  ins.  more  to  the  buckle- 
plates,  gave  room  enough  for  the  work,  and  the  staging  still  gave 
about  2  ft.  more  clearance  than  the  High  Street  Viaduct,  just  east  of 
it  and  over  the  same  tracks.  Fig.  4,  Plate  XVII,  shows  part  of  the 
north  flpan  of  this  viaduct,  over  the  Cleveland,  Cincinnati,  Chicago 
and  St.  Louis  Railway  tracks.     The  portion  of  the  three  heavy  trusses 
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above  the  pavement  was  in  very  fair  condition,  and  it  was  not  thought 
necessary  to  clean  it  with  the  sand-blast.  This  saved  the  cleaning  of 
86  000  sq.  ft.  of  metal  surface  on  this  viaduct,  while,  on  the  others, 
practically  all  was  cleaned.  A  portion  of  this  viaduct,  shown  in  Fig. 
4,  Plate  XYI,  is  not  over  the  railroad  tracks,  and  was  not  affected  as 
seriously  as  the  remainder  of  the  floor  system.  Some  of  the  paint  was 
still  good,  and  it  was  not  all  taken  off.  This,  together  with  the  fact 
that  there  was  not  much  interruption  to  the  work,  made  the  cost 
of  cleaning,  on  this  viaduct,  less  than  on  any  other,  all  the  others 
being  much  affected  with  rust,  scale  and  corrosion  upon  nearly  all 
parts  of  them,  even  above  the  level  of  the  pavement,  where  protected 
from  the  direct  action  of  the  gases. 

The  south  span  of  the  High  Street  Viaduct,  the  portion  already 
cleaned,  is  over  the  main  freight  and  passenger  tracks,  and  yard 
engines  pass  under  it  frequently.  The  other  spans  can  be  cleaned  for 
very  much  less  than  this  one.  It  has  been  estimated  by  men  who 
are  in  the  employ  of  the  Pennsylvania  Railway  Company  that  an 
average  of  from  250  to  300  engines  pass  under  this  span  every  24 
hours.  The  girders  and  buckle-plates  were  in  very  bad  condition, 
and  very  heavy  and  exceedingly  firm  scale  had  been  formed  over 
large  portions  of  them.  This  scale  was  firmly  cemented  to  the  steel 
by  the  rust  and  carbonates  which  had  formed.  As  a  consequence,  the 
sand-blast  did  not  blow  off  much  of  it,  nor  did  it  work  under  the  scale 
and  throw  it  off,  as  on  the  other  viaducts.  Therefore,  it  cost  nearly 
twice  as  muoh  as  the  highest  of  the  others,  and  nearly  four  times  as 
much  per  square  foot  as  the  large  Front  Street  Viaduct.  The  floor  system 
is  similar  to  that  of  the  Maple  Street  Viaduct,  the  pavement  being 
supported  by  seventeen  plate  girders.  Immediately  east  of  this  is  the 
structure  under  the  roadway  to  the  Union  Station,  also  having  seven- 
teen plate  girders.  The  distance  over  both  is  about  165  ft.,  and  this, 
with  the  girders  extending  3.5  ft.  below  the  floor,  causes  the  smoke  to 
hang  a  long  time  between  the  girders  after  an  engine  has  passed 
beneath.  Often,  it  does  nob  clear  away  before  another  engine  comes 
along  and  again  fills  all  the  spaces  with  dense  smoke.  The  smoke, 
and  the  dust  from  the  sand-blast  work,  therefore,  caused  a  great  deal 
of  trouble.  It  was  very  difficult,  and  part  of  the  time  impossible,  to 
get  nozzlemen  to  keep  both  blasts  in  operation.  To  get  rid  of  the 
smoke  and  dust,  an  electric  fan  was  tried  for  a  short  time,  it  being 
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placed  Bear  the  abutment  between  the  girders  -where  the  work  was 
progressing.  This  kept  the  smoke  from  rising,  and  cleared  away  the 
dust  quite  well;  but  the  bearings  were  injured  very  much  by  the  dust 
and  fine  sand.  Then  the  blower  shown  in  Fig.  2,  Plate  XVI,  was 
made.  This  was  connected  with  the  air  pipe  by  a  J-in.  rubber  hose, 
and  a  jet  of  compressed  air,  passing  through  an  opening  of  about  3V 
in.,  and  into  and  through  a  section  of  6-in.  sheet-iron  pipe,  about  2 
ft.  long,  set  up  a  current  of  air,  which,  being  directed  along  between 
the  girders,  was  quite  effective.  One  of  these  was  made  for  each 
sand-blast,  and  they  were  used  for  a  considerable  portion  of  the  time. 
Smoke  and  dust,  however,  would  gather  behind  the  blower  and  be 
drawn  through  it  at  times,  and  it  was  not  a  complete  success.  It  was 
effective  for  a  distance  of  about  20  ft. 

Another  cause  of  the  high  cost  of  this  work  was  the  low  pressure 
secured  at  the  sand-blast  machine  during  much  of  the  time.  The 
operation  of  the  blowers  tended  to  reduce  it,  and  the  compressor  was 
worked  beyond  its  intended  capacity,  and  was  not  at  the  time  doing  as 
good  work  as  earlier.  The  average  pressure,  at  this  viaduct,  as  stated 
in  Table  No.  1,  is  partly  an  estimate,  as  the  gauge  was  broken  and  for 
a  portion  of  the  time  was  not  in  use.  When  at  30  lbs.  or  less,  the  sand- 
blast was  very  slow  in  cutting  the  scale  here  encountered;  but  when 
at  38  to  40  lbs.,  it  was  much  more  efficient.  Occasionally,  when  only 
one  blast  was  in  operation  for  a  short  time,  the  pressure  would  run 
up  to  45  lbs.,  and  then  the  effect  was  still  better. 

From  the  experience  in  sand-blast  cleaning  here  given  it  may  be 
stated  safely  that,  for  heavy  scale  and  corrosion,  in  situations  such  as 
this  High  Street  Viaduct,  a  pressure  of  from  35  to  45  lbs.  per  square 
inch  is  not  any  too  high.  On  the  other  hand,  very  efficient  work  is 
done  at  a  pressure  of  about  25 lbs.,  where  only  light  scale,  rust  spots 
and  disintegrating  paint  are  to  be  cleaned  off.  The  labor  costs 
approximately  twice  as  much  as  the  power,  and  increase  of  power  is 
advisable  where  needed. 

On  all  the  cleaning  done,  the  bright  surface  of  the  steel,  having 
almost  the  appearance  of  frosted  silver,  was  exposed  to  view  by  the 
removal  of  every  vestige  of  rust,  scale  and  old  paint.  The  pitted 
portions,  with  a  little  more  brushing,  were  as  well  covered  with  the 
paint  as  the  others,  and,  after  one  year,  it  still  holds  on  them  as  firmly, 
to  all  appearances,  as  when  it  first  dried,  after  being  put  on. 
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The  paint  was  applied  very  soon  after  the  sand-blast,  and  some- 
times curtains  of  heavy  mnslin  were  stretched  between  the  painters 
and  the  sand-blast  to  prevent  the  dust  and  sand  from  interfering  with 
the  painting.  All  surfaces  cleaned  were  painted  before  night,  and 
rarely  was  it  necessary  for  the  painters  to  work  more  than  half  an  hour 
after  the  sand-blast  was  discontinued  for  the  day.  It  is  best  to  work 
with  the  wind,  so  that  it  will  carry  the  dust  and  sand  away  from  the 
painters  and  nozzlemen. 

Some  records  of  actual  results  are  shown  in  Table  No,  2,  both  in  the 
ordinary  work  of  cleaning,  and  on  tests  in  which  an  h-courate  account 
was  taken  for  all  the  data  presented  therein.  In  some  of  these  records 
there  are  omissions  because  all  the  elements  were  not  noted.  The 
long-time  records  give  only  the  surface  cleaned,  and  not  the  sand  used 
or  the  horse-power  necessary;  and  the  two,  showing  results  as  to  the 
whole  work,  are  included  for  the  sake  of  comparison.  In  these  two 
are  given  some  other  results  of  calculations,  from  known  quantities 
and  records,  which  represent  rates  for  one  sand-blast,  although  two 
were  running  about  82%  of  the  time.  The  number  of  hours  stated  is 
obtained  by  adding  together  the  number  of  hours  run  by  each  machine. 
The  tests  of  October  16th  and  31st,  1902,  were  made  in  order  to  determine 
the  relative  effectiveness  of  nozzles  of  different  diameters,  from  i to  |-in- 
in  size.  The  sizes  of  pipe  given  are  the  nominal  sizes  of  gas  pipe,  with 
"Ex.  H."  added  where  extra  heavy  gas  pipe  was  used,  which,  of 
course,  is  smaller  in  interior  diameter  than  standard  gas  pipe.  The 
last  one  noted  was  with  a  nozzle  (Fig.  3,  Plate  XVI),  made  from  three 
J-in.  gas  pipes,  one  end  of  each  being  inserted  in  a  1 J  X  1-in.  bushing, 
and  babbitt  metal  poured  in  to  secure  them  there.  While  only  made  for 
an  experiment,  this  nozzle  gave  very  good  results,  it  having  the 
highest  rate  of  cleaning,  in  square  feet  per  hour.  It  used  considerable 
sand,  about  the  same  as  the  f-in.  pipe,  but  cleaned  nearly  one-half 
more. 

Ail  these  tests  were  made  on  the  High  Street  Viaduct,  where,  for 
all  of  them,  the  corrosion  was,  as  nearly  as  possible,  of  the  same 
character.  The  rates  of  cleaning  are  low,  because,  on  this  viaduct,  the 
scale  was  so  hard.  These  tests  of  nozzles  were  made  with  a  sand  hose 
65  ft.  in  length.  All  the  nozzles  for  these  eight  tests  were  12  ins.  long. 
It  will  be  seen  from  the  results  that  the  J-in.  extra  heavy  pipe,  which 
*  is  f  in.  when  worn  out,  is  about  the  proper  size  for  this  kind  of 
work. 
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Improvements  can  certainly  be  made  in  this  apparatus.  Some  of 
the  appliances  were  made  as  experiments,  and  are  rather  crude.  One 
observation  may  be  made  which  -will  occur  to  all,  that  more  sand- 
blasts might  be  added  with  advantage,  if  sufficient  power  to  ran  them 
were  provided.  The  work  at  Columbus  was  limited  to  two  machines, 
on  account  of  the  small  capacity  of  the  compressor.  Perhaps  a  larger 
pipe  to  convey  the  air  would  have  added  to  the  pressure  at  the 
machines,  and  to  the  effectiveness  of  the  sand-blast.  For  ordinary 
cleaning  of  bridges  and  other  structures,  not  subjected  to  such  hard 
treatment  as  viaducts  situated  where  much  exposed  to  the  blast  and 
gases  from  locomotives,  it  is  safe  to  say  that,  with  a  more  perfect 
equipment,  sand-blast  cleaning  can  be  done  at  from  1}  to  2  cents  per 
square  foot.  The  advantages  anticipated  for  this  kind  of  cleaning, 
especially  where  almost  a  necessity,  because  nothing  else  will  do  the 
work  thoroughly,  are  to  be  gained  by  a  careful  inspection  at  intervals 
after  it  is  done,  and  the  repainting,  with  ordinary,  good  hand-cleaning, 
before  the  paint  has  been  worn  off  so  as  to  set  up  the  vigorous  rusting 
process  which  comes  when  air  and  moisture  get  to  the  metal.  In  such 
locations  as  the  viaducts  in  Columbus  it  seems  to  be  the  only  thing 
that  will  do  the  work.  For  future  construction  in  similar  locations 
let  every  engineer  beware  of  the  use  of  steel  exposed  to  locomotive 
blasts,  as  these  will  wear  out  any  paint.  The  life  of  those  structures 
already  in  existence, and  others  whioh  may  be  built  in  the  future,  should 
be  extended  as  long  as  possible  by  the  use  of  the  best  means  that  can 
be  commanded. 
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Historical. 

The  East  Jersey  Water  Company,  in  1897,  commenced  the  develop- 
ment of  a  new  source  of  supply  from  the  Passaic  Kiver,  at  Little  Falls, 
27.  J.,  about  5  miles  above  Paterson.  The  pumping  station,  which 
was  completed  in  the  autumn  of  1899,  has  a  capacity  of  75  000  (XK> 
galls,  daily.  It  is  a  combination  water-  and  steam-power  plant,  the 
pumps  being  placed  between  the  turbines  and  steam  engines,  and  con- 
nected so  that  either  water  or  steam  power,  or  both,  may  be  used. 

At  present,  an  average  daily  quantity  of  about  50  000  000  galls,  of 
water  is  pumped  at  this  station.  Approximately,  this  quantity  has 
been  pumped  regularly  since  November,  1899,  and  supplied  to  cities 
having  an  aggregate  population  of  about  450  000.  About  30  000  000 
galls,  daily  are  supplied  to  Jersey  City,  in  accordance  with  a  tem- 
porary contract  with  the  Water  Company  which  terminates  at  the  end 
of  1903,  following  the  completion  of  the  new  gravity  water  supply  now 

Nor*.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings  and,  when  finally  dosed,  the  papers  with  discussion. 
In  full  will  be  published  in  Transactions. 
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being  constructed  for  that  city  on  the  Rockaway  River,  near  Boonton, 
N.  J.  About  15  000  000  galls,  daily  are  supplied  from  this  station  to 
the  cities  of  Paterson  and  Passaic.  At  the  close  of  the  Jersey  City 
contract,  filtered  water  from  Little  Fall  6  will  be  supplied,  to  several 
towns  and  water  companies,  through  the  conduit  now  used  to  deliver 
river  water  to  Jersey  City.  Among  these  consumers  are  Montclair, 
West  Orange  and  Glen  Ridge,  which  now  receive  their  supply  from  the 
surplus  of  the  Pequannock  system,  in  accordance  with  arrangements 
made  by  the  East  Jersey  Water  Company  with  the  City  of  Newark. 
After  the  present  year,  in  the  neighborhood  of  25  000  000  galls,  of  fil- 
tered water  daily  will  probably  be  furnished  from  Little  Falls. 

The  water-shed  of  the  Passaic  River,  at  Little  Falls,  has  an  area  of 
772  sq.  miles.  A  large  part  of  two  important  tributaries  of  the  Pas- 
saic is  already  appropriated  for  municipal  supplies,  namely,  68  sq. 
miles  of  drainage  area  of  the  Pequannock  River,  which  is  the  source  of 
supply  of  the  City  of  Newark,  and  118  sq.  miles  on  the  Rockaway 
River,  above  the  intake  for  the  works  now  being  built  for  Jersey  City. 
Some  of  the  more  important  features  of  interest  in  connection  with  the 
Passaic  water-shed  are  indicated  in  Fig.  1. 

There  are  no  towns  or  cities  discharging  sewage  into  the  Passaio 
River  within  some  20  miles  of  the  intake  at  Little  Falls.  The  only 
places  on  the  water-shed  having  sewerage  systems  are  Suffern  and  Sum- 
mit, the  sewage  of  the  latter  being  filtered  before  it  reaches  the  river. 
There  are,  however,  quite  a  number  of  towns  and  small  cities,  includ- 
ing Chatham,  Madison,  Morristown,  Boonton  and  Dover,  where  there 
are  public  water  supplies,  and  where  some  sewage  may  reach  the  stream 
indirectly,  especially  following  heavy  rains. 

In  its  sanitary  character  the  water  of  the  Passaio  River  at  Little 
Falls  is  ordinarily  very  satisfactory,  as  is  shown  by  numerous  analyses 
and  by  the  typhoid-fever  records  of  the  communities  which  have  been 
supplied  with  that  water  during  the  past  three  years.  The  average 
annual  death  rate  from  typhoid  fever  during  the  past  three  years,  in 
Jersey  City,  Paterson,  Bayonne  and  Passaic,  is  about  20  per  100  000 
inhabitants,  and  in  no  case  has  it  exceeded  23  for  a  single  year. 

The  Passaio  River  water  at  Little  Falls  is  not  muddy,  compara- 
tively speaking,  although,  after  heavy  freshets,  it  carries  from  25  to  100 
parts  per  million  of  suspended  matter.  At  times  the  water  is  very 
noticeably  colored,  due  to  dissolved  vegetable  matter  coming  from 
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several  large  swamps  situated  on  the  tipper  portions  of  the  drainage- 
area.  Frequently,  the  water  oontains  quite  large  amounts  of 
amorphous  matter,  consisting  principally  of  finely  divided  organio 
material.  Much  of  this  seems  to  come  from  the  bottom  of  the  stream, 
as  the  water  flows  for  a  few  miles  through  the  Great  Piece  Meadows, 
just  above  the  intake,  where  the  river  has  very  little  slope  and  where- 
deposited  sediment  on  the  bottom  is  stirred  up  by  carp  and  other 
fish.  This  finely  divided  amorphous  matter,  together  with  the  color 
which  appears  in  the  water,  gives  it  at  times  what  might  be  called  * 
"dirty"  appearance,  and  causes  it  to  be  less  desirable  for  domestic 
use  than  the  analyses  indicate. 

With  the  view  of  making  the  water  thoroughly  satisfactory  in 
appearance,  and  to  guard  against  the  effect  of  the  accidental  pollu- 
tion which  may  be  possible  occasionally,  the  Water  Company  investi- 
gated the  feasibility  of  filtration  works.  A  preliminary  report  on  the 
subject  was  made  by  the  writer  in  May,  1900. 

Before  considering  this  matter  in  detail,  it  will  be  well  to  give  a 
general  description  of  the  pumping  station  and  immediate  vicinity. 
The  pumping  station  was  described  in  Engineering  Hews  of  August 
8d,  1899,  in  which  the  principal  details  may  be  found.  In  brief,  it- 
may  be  said  that  the  river  water,  for  both  power  and  water-supply 
purposes,  is  conveyed  from  the  river  above  the  Beattie  Dam  to  the 
intake  gate-house  near  the  pumping  station  through  a  head-race  canal, 
1  400  ft.  in  length  and  60  ft.  in  width.  It  terminates  in  a  fore-bay,  at 
the  side  of  which  is  a  spillway,  and  at  the  end  are  the  penstocks  and 
other  conduits  leading  to  the  turbine  wheels  and  to  the  pumps. 

The  elevation  of  the  water  in  the  head-race  canal  is  normally  about 
157.  In  the  river  below  it  averages  about  122,  giving,  ordinarily,  a  fall 
of  about  35  ft.  for  power  purposes.  The  floor  of  the  pumping  station 
is  at  Elevation  132,  which  is  also  the  elevation  of  the  suction  chamber 
of  the  pumps.  To  the  north  of  the  pumping  station  is  a  cliff  of  trap 
rook  overlying  brown  stone,  the  elevation  of  the  surface  being  in  the 
neighborhood  of  180. 

The  site  of  the  pumping  station  and  power-house  was  reclaimed 
from  the  original  river-bed.  As  will  be  seen  from  Fig.  2,  a  plan  of  the 
station  and  grounds,  the  river  turns  to  the  north  just  below,  leaving 
an  area  of  less  than  2  acres  between  the  river  and  the  force  mains,  the 
elevation  of  the  surface  of  which  was  in  the  neighborhood  of  130. 


-Papers.] 


FILTRATION  WORKS. 


157 


^©  PLAN  OF 

PUMPING  STATION 
AND  GROUNDS 


Fie.  9. 


158  FILTBATIOtf  WORKS.  [Papers. 

It  was  recommended  that  the  filtration  works  be  of  the  American, 
or  mechanical,  type,  partly  on  account  of  the  great  desirability  of 
removing  the  high  amount  of  color  which  the  river  water  possesses  at 
times,  and  especially  on  grounds  of  economy.  It  was  possible  to  con- 
struct a  mechanical  filter  plant  on  the  small  area  of  ground  below  the 
pumping  station,  through  which  water  might  pass  by  gravity  fron* 
the  head-race  canal  and  back  to  the  suction  of  the  main  pumps.  If  a 
sand-filter  plant  had  been  installed,  it  would  have  involved  the  expense 
of  an  additional  pumping  station  to  lift  the  river  water  to  a  suitable 
site  upon  the  cliff  above. 

The  Water  Company,  in  June,  1900,  requested  the  New  York  Filter 
Manufacturing  Company  and  the  Continental  Filter  Company,  shortly 
afterward  consolidated  as  the  New  York  Continental  Jewell  Filtration 
Company,  to  submit  outline  plans  and  general  estimates  of  cost  for 
this  project.  These  were  submitted  to  the  Water  Company  in  Sep- 
tember, 1900,  and  were  referred  to  the  writer,  who  was  requested  to 
supervise  for  the  Water  Company  the  preparation  of  detailed  plans 
by  the  Filtration  Company,  and  also  to  prepare  specifications.  It  is 
gratifying  to  record  that  the  Water  Company  instructed  the  writer  not 
to  spare  expense  in  making  the  plant  capable  of  giving  thoroughly 
efficient  service.  Mr.  Charles  L.  Parmelee,  Chief  Engineer  of  the 
Filtration  Company,  had  the  immediate  charge  of  the  preparation  of 
the  plans.  Upon  their  construction  features  the  writer  had  the  assist- 
ance of  W.  B.  Fuller,  M.  Am.  Soc.  C.  £.,  who,  later,  was  appointed 
by  the  Water  Company  as  Resident  Engineer  in  charge  of  the  con- 
struction work.  The  entire  project  was  designed  and  built  under  the 
direction  of  J.  Waldo  Smith,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  and 
Superintendent  of  the  East  Jersey  Water  Company.  With  the  excep- 
tion of  the  machinery  and  the  operating  devices,  which  were  designed 
by  the  Filtration  Company,  the  design  of  this  plant  was  the  result  of 
numerous  conferences  and  discussions  between  the  representatives  of 
the  Water  Company  and  the  Filtration  Company. 

These  works,  with  few  exceptions,  were  built  by  contract.  All  ex- 
cavation and  masonry  work  in  the  coagulating  basin  and  clear-water 
basin,  grading,  etc.,  wj.9  done  by  the  T.  A.  Gillespie  Company,  of 
New  York  and  Pittsburg;  the  filter  tanks  and  the  entire  superstructure 
were  built  by  Mr.  Joseph  Sharpe,  of  Paterson  sub-contractor  under 
he  Gillespie  Company;  and  the  entire  equipment  of  the  filters,  includ- 
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rog  piping,  valves,  strainer  systems,  machinery  and  devices  for  apply- 
ing the  coagulant  and  operating  the  niters,  was  furnished  and  erected 
by  the  Filtration  Company. 

Construction  work  was  begun  early  in  April,  1901,  and  at  the  end 
of  that  year  all  masonry  work,  pipes  within  the  walls  of  the  coagula- 
ting basin  and  the  clear-water  basin,  the  filter  tanks,  and  the  floor  of 
the  superstructure,  were  completed.  The  walls  of  the  superstructure 
were  barely  started.  The  completion  of  the  buildings  proceeded  very 
slowly,  due  to  several  interruptions  by  strikes,  etc.,  and  it  was  not 
until  May,  1902,  that  the  Filtration  Company  commenced  the  equip- 
ment of  the  niters.  The  latter  was  practically  completed  by  August 
1st,  1902;  but,  owing  to  delays  in  securing  filter  sand,  the  plant  was 
not  placed  in  service  until  September  4th,  1902.  Since  that  date  the 
filters  in  the  north  wing  have  been  in  service  regularly,  and  no  un fil- 
tered water  has  been  delivered  to  consumers  in  Paterson  or  Passaic. 

The  filters  in  the  south  wing  have  not  been  placed  in  service,  and 
will  not  be  until  after  the  termination  of  the  temporary  contract  with 
Jersey  City. 

General  Description  of  the  Filtration  Works. 

These  nitration  works,  which  have  a  nominal  net  capacity  of 
32  000  000  galls,  daily,  and  are  capable,  at  least  for  short  periods,  of 
yielding  48  000  000  galls,  daily,  occupy  an  area  of  178  x  219  ft, 
measured  on  the  outside  lines  of  the  foundation  walls.  The  structures 
are  of  concrete,  with  the  foundations  upon  rock  at  an  average  eleva- 
tion of  114.  As  the  flow  line  in  the  coagulating  basin  and  in  the  filters 
is  but  a  little  less  than  that  in  the  head-race  canal  (157),  it  is  seen  that 
the  structures  are  relatively  very  deep,  owing  to  the  peculiarities  of 
the  site.    Views  of  the  works  are  shown  in  Plate  XVIII. 

At  the  west  end  is  the  coagulating  and  subsiding  basin,  130  ft. 
long,  42  ft.  wide  and  43  ft.  deep  on  inside  lines,  having  a  capacity  of 
about  1  750  000  galls. 

At  the  east  end  the  lower  portion  of  the  structure  contains  a  dear- 
water  basin  in  two  compartments.  Each,  on  an  average,  is  124  ft. 
long,  58  ft.  wide  and  29  ft.  deep  to  the  maximum  flow  line  for  the 
filtered  water.  The  total  capacity  of  the  dear- water  basin  is  about 
3  500  000  galls.  Fig.  3  is  a  general  plan  of  the  coagulating  basin  and 
dear-water  basin. 
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Above  the  clear- water  basin  there  are  thirty -two  rectangular  con- 
crete filter  tanks,  24  x  15  ft.,  and  8  ft.  deep,  arranged  in  four  rows  of 
eight  filters  each.  The  total  area  of  filtering  surface  is  11  520  sq.  ft 
Between  each  pair  of  rows  of  filters  there  is  a  pipe  gallery,  in  which 
the  main  pipes,  with  branches  to  the  adjoining  filters,  are  placed. 
This  gallery  is  about  12  ft.  wide  and  13.5  ft.  high,  inside.  The  ends 
of  the  filter  tanks  form  the  upper  portion  of  the  walls  of  the  galleries. 
The  lower  portion  is  formed  by  walls  which  extend  to  the  bottom 
of  the  clear- water  basin,  and  form  a  support  for  the  filter  floors. 
The  lower  portion  of  these  walls  is  arched  out.  A  sectional  plan  and 
cross-sections  of  the  substructure  are  shown  in  Figs.  4  and  5. 

Over  each  pipe  gallery  there  is  a  platform,  at  a  level  slightly  above 
that  of  the  water  in  the  filter  tanks,  and  on  which  the  attendants 
stand  when  operating  the  filters.  Over  each  of  these  platforms,  and 
extending  for  a  width  of  about  6  ft.  on  either  side,  is  a  building. 
These  two  buildings,  each  about  140  x  30  ft.,  are  called  the  filter 
houses,  and  form  two  wings  of  the  main  building,  with  which  they 
connect.  The  remaining  portion  of  the  filters  is  covered  with  a  flat 
concrete  roof  with  a  manhole  over  each  filter,  through  which  materials 
may  be  added  or  removed. 

The  coagulating  basin  is  covered  with  a  flat  concrete  roof,  which 
forms  the  floor  of  the  main  building.  This  building  is  132  x  46  ft, 
and  contains  the  machinery-room  for  the  rotary  blowers,  pumps  and 
devices  for  applying  coagulant,  storage  for  the  same,  and  also  the 
laboratories,  offices,  tool-room,  wash-rooms,  lookers,  etc.  Figs.  6 
and  7  show  a  plan  and  section  of  the  buildings. 

All  machinery  is  operated  by  electric  motors,  the  current  for 
which,  as  well  as  for  the  electric  lights,  is  furnished  by  generators 
located  in  the  main  pump-house. 

River  water  is  taken  from  the  head-race  canal,  and  is  delivered  to 
the  filtration  works  through  a  66-in.  steel  main  discharging  into  a 
concrete  stand-pipe,  10  ft.  in  diameter,  located  at  the  north  end  of 
the  coagulating  basin.  In  this  stand-pipe  the  water  is  treated  with  a 
solution  of  coagulant,  and,  after  thorough  mixing  by  the  natural 
agitation  in  the  stand-pipe,  it  passes  from  the  bottom  of  the  same 
into  the  coagulating  basin  and  thence  to  the  south  end,  where,  near 
the  surface,  it  is  collected  in  a  perforated  pipe,  through  which  it 
passes  to  the  filters.     It  is  possible  to  by-pass  the  coagulating  basin, 
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and  deliver  the  water  from  the  upper  portion  of  the  stand-pipe 
through  a  pipe  connecting  with  the  main  inlet  pipes  to  the  filters. 
After  passing  through  the  filters  the  water  enters  the  clear-water 
basin,  from  which  it  flows  through  a  66- in.  steel  suction  main,  encased 
in  concrete  and  leading  to  the  main  pumps.  Branch  suction  pipes 
extend  from  the  sump  in  either  compartment  of  the  clear- water  basin, 
with  necessary  valves  in  an  effluent-valve  well,  located  outside  the 
basin  where  the  branches  join  the  main  line.  Filtered  water  from  the 
entire  plant  may  be  taken  from  either  compartment  independently  of 
the  other. 

Necessary  facilities  are  also  provided  for  cleaning  out  the  coagulating 
basin,  including  a  pump  located  in  a  sludge  well  to  the  south  of  the 
basin.  Arrangements  are  made  by  which  at  times  of  low  water,  if 
need  be,  the  sediment  removed  from  the  basin,  as  well  as  that  from 
the  discharged  wash-water,  may  be  settled  out  in  a  catch-basin  to  the 
east  of  the  filter  plant.  The  main  features  of  the  outside  piping  are 
shown  in  Fig.  3. 

General  Features  op  Construction. 

The  coagulating  basin  and  clear- water  basin  are  of  concrete.  Re- 
inforced concrete,  after  the  Ran  some  system,  was  used  for  the  con- 
struction of  the  filter  tanks,  all  floors  and  walls  of  the  houses,  and 
the  roof  of  the  filter  tanks.  No  wood  was  used  about  the  buildings, 
except  in  the  doors  and  windows. 

The  mass  concrete  in  the  main  walls  of  the  substructure  was  mixed 
in  the  proportion  of  1:3:7.  Atlas  cement,  exclusively,  was  used  for 
this  portion  of  the  work.  The  gravel  and  broken  stone  were  graded 
with  much  care,  the  general  range  in  size  being  from  \  in.  to  3  ins.  in 
diameter.  The  concrete  was  laid  unusually  wet.  On  the  inside  of 
the  principal  walls  there  is  a  facing  of  rich  concrete  mixed  in  the 
proportions  of  1  :  1J  :  3.  Typical  sections  of  the  main  walls  are 
shown  in  Fig.  8. 

In  the  main  walls,  as  shown  by  dotted  lines  on  Fig.  4,  there 
were  left  seven  expansion  wells  or  openings,  with  the  intention  of 
having  such  cracks  as  might  appear  in  the  walls  confined  to  these 
places,  which,  later,  would  be  filled  with  concrete.  A  single  crack 
developed  at  each  of  four  of  the  wells. 

The  only  crack  of  importance  was  one  about  \  in.  in  average 
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width,  which  extended  through  the  expansion  well  of  the  division 
wall  in  the  clear-water  basin,  across  the  floor  of  the  south  basin  and 
part  way  up  the  outer  wall  of  the  latter  at  the  expansion  well.  This 
was  repaired  before  water  was  turned  on,  and  no  leaks  of  consequence 
were  detected  in  any  of  the  walls  of  the  coagulating  basin  or  clear- 
water  basin  when  the  plant  was  placed  in  service.  In  fact,  appre- 
ciable amounts  of  moisture  on  the  outside  of  the  walls  were  noticeable 
in  only  two  or  three  instances. 

Upon  emptying  the  basins  during  the  past  month  no  cracks  were 
detected  in  the  walls  of  the  coagulating  basin,  but  a  very  narrow 
crack  was  noted  opposite  the  expansion  well  in  the  wall  separating 
the  coagulating  basin  from  the  south  compartment  of  the  clear- 
water  basin.  It  extends  some  20  ft.  from  the  bottom,  and,  under  a 
head  of  about  40  ft. ,  water  was  oozing  from  the  lower  end  at  the  rate 
of  about  £  gall,  per  minute. 

Each  filter  tank,  15  x  24  ft.  and  8  ft.  deep,  was  built  as  a  continuous 
box  of  concrete  reinforced  with  twisted  steel  roads  in  each  direction, 
placed  as  shown  in  Fig.  9.  It  was  specified  that  each  of  these  filter 
tanks  when  started  should  be  built  continuously  until  completed. 
The  concrete  used  in  these  tanks  was  mixed  in  the  proportions  of 
about  1:2:4,  and  was  laid  very  wet.  Vulcanite  cement  was  uBed 
principally  for  this  portion  of  the  work.  All  the  filter  tanks  were 
plastered  on  the  inside  with  a  J  -in.  coat  of  rich  mortar,  in  the  pro- 
portions of  1  part  of  'cement  to  1  part  of  sand.  The  inner  walls  of  the 
tanks  below  the  sand  surface  were  roughened  by  stippling  with  a 
wire  brush  before  the  plastered  surface  had  thoroughly  set.  In  no 
instance  have  there  been  any  cracks  or  leaks  in  these  filter  tanks. 

The  concrete  roof  over  the  filters,  which  was  built  as  a  part  of  each 
respective  tank,  is  4  ins.  thick,  supported  by  Kan  some  concrete  beams 
4  x  12  ins. ,  placed  54}  ins.  apart. 

The  floor  of  the  main  building,  over  the  coagulating  basin,  has  a 
thickness  of  5  ins. ,  with  Bansome  concrete  beams  spaced  4  ft.  apart- 
One  end  of  each  beam  is  supported  by  the  walls  of  the  basin  and  the 
other  by  a  central  Ransome  concrete  girder,  8  x  36  ins. ,  with  three 
lj-in.  rods.  This  girder  is  supported  by  Ransome  concrete  columns, 
4  ft.  square  at  the  base  and  43  ft.  high. 

The  tanks  for  preparing  solutions  of  sulphate  of  alumina,  of  which 
there  are  two,  each  17  ft.  deep  and  16  ft.  in  diameter,  are  built  of  Ran- 
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some  concrete,  and  are  placed  beneath  the  floor  of  the  main  house. 

The  main  house  over  the  coagulating  basin,  about  46  ft.  wide  and 
132  ft.  long,  has  hollow  concrete  walls  13  ft.  high.  The  slate  and  tile 
roof  is  supported  by  steel  trusses.  The  two  filter  houses,  forming 
wings  to  the  main  house,  are  also  built  with  hollow  concrete  walls.  In 
order  to  make  the  buildings  harmonize  with  the  pump-house,  the 
cement  was  colored  to  resemble  brown  stone. 

Expansion  joints  in  the  walls  of  the  buildings  were  provided,  back 
of  each  pilaster,  with  the  view  of  preventing  cracks.  Very  few  cracks 
have  appeared  elsewhere. 

Regarding  the  specifications,  it  may  be  of  interest  to  state  that  the 
Water  Company  furnished  the  cement  for  the  substructures,  which 
were  built  strictly  in  accordance  with  the  plans,  the  Water  Company 
taking  full  responsibility  as  to  stability  and  water-tightness.  The 
superstructure,  including  all  tanks,  was  built  under  a  guaranty  in 
these  respects.  The  contractor  furnished  the  cement,  and  had  the 
option  of  increasing  the  quantities  of  concrete  and  metal  above  those 
shown  in  the  plans,  which  were  the  minimum  permitted  by  the  Water 
Company.  The  guaranteed  safe  loads  per  square  foot  were:  800  lbs.  for 
the  floor  of  the  filter  tanks,  200  lbs.  for  the  roof  of  the  filters,  350  lbs. 
for  the  floor  of  the  pipe  gallery,  200  lbs.  for  the  operating  platform, 
and  300  lbs.  for  the  floor  of  the  main  building.  As  to  the  filter  equip- 
ment, the  Filtration  Company  guaranteed  specified  efficiencies  for  the 
machinery,  and  that  all  devices  should  perform  successfully  the  work 
for  which  they  were  designed,  when  judged  from  a  strictly  physical  or 
mechanical  standpoint.  The  Water  Company  took  full  responsibility 
as  to  the  behavior  of  the  plant  in  treating  the  water. 

Description  of  the  Details  of  the  Principal  Devices. 
Application  of  Coagulant — Sulpha  to  of  alumina  is  used  as  the 
coagulating  chemical.  It  is  received  in  barrels  in  carload  lots,  and 
stored  in  the  main  building.  The  dry  chemical  is  weighed  and 
dumped  into  the  chutes  leading  to  the  dissolving  tanks  situated 
below  the  floor  in  the  store-room.  In  these  tanks  saturated  solutions 
are  prepared,  and,  to  accelerate  the  dissolving  action,  heavy  bronze 
stirrers  are  provided,  which  revolve  slowly  in  the  mass  of  chemical  in 
the  tanks.  From  these  dissolving  tanks,  each  of  which  has  a  capacity 
of  252  galls.,  the  solutions  flow  through  cement  pipes  to  the  mixing 


Papers.] 


FILTRATION   WORKS. 


169 


-  '  if1":!  i  £ 


Mi 

'"ft!  ;  £ 


a  F 

Ti     H 
C     ("I 

3   H 

H    ^ 

O    O 
Z    O 

Si 

5 


170  FILTRATION  WORKS.  [Papers. 

tanks.  These  are  of  concrete,  circular  in  plan,  17  ft.  deep,  and  each 
holding  about  25  000  galls.  The  saturated  solutions  are  here  diluted 
to  any  desired  degree  by  the  addition  of  filtered  water.  Uniformity 
in  strength  of  solutions  is  maintained  by  frequent  stirring  by  air 
agitation,  the  air  being  supplied  from  rotary,  belt-driven  blowers, 
about  75  ou.  ft.  of  free  air  per  minute  being  distributed  through  a 
radial  system  of  air-pipes  at  the  bottom  of  each  tank. 

The  solutions  are  lifted  from  the  mixing  tanks,  by  centrifugal 
pumps,  to  the  orifice  tanks,  which  are  in  duplicate,  built  of  concrete, 
4  ft.  in  diameter,  of  a  capacity  of  340  galls,  each,  and  situated  on  a 
platform  in  the  machinery -room,  with  the  flow  line  at  Elevation  170, 
or  about  13  ft.  above  the  water  line  of  the  coagulating  basin. 

The  centrifugal  pumps  are  of  standard  pattern,  cast  of  special 
bronze,  and  are  operated  by  direct-connected  electric  motors.  All 
pipes,  valves  and  fittings  are  of  hard  rubber.  All  devices  are  in  du- 
plicate, only  one  set  being  used  at  a  time. 

The  quantity  of  solution  pumped  from  the  mixing  tanks  to  the 
orifice  tank  may  be  regulated  in  the  latter,  approximately,  by  a  piston 
valve  operated  by  a  float,  but  it  is  always  kept  slightly  in  excess  of  the 
amount  being  used,  and  there  is  an  overflow  pipe  through  which  the 
excess  is  returned  to  the  mixing  tank.  In  this  way  there  is  maintained 
a  constant  level  in  the  orifice  tank,  and  hence  a  constant  head  on  the 
orifice  through  which  the  solution  passes  from  the  elevated  tank  to  the 
raw  river  water. 

As  the  solution  leaves  the  orifice  tank  it  flows  into  a  concrete 
funnel  on  the  mouth  of  a  2-in.  pipe,  which  conveys  it  to  the  discharge 
manifold.  The  latter  is  located  in  the  mouth  of  the  main  inlet  pipe, 
and  is  a  wrought-iron  frame  holding  a  grid  of  4 -in.  brass  pipes  tapped 
into  a  2-in.  brass  header.  The  branches  are  6  ins.  apart,  and  each  one 
has  J -in.  holes,  on  6-in.  centers,  through  which  the  coagulant  solution 
is  discharged.  The  total  number  of  holes  in  this  discharge  manifold 
is  100.  The  manifold  is  hung  in  vertical  slides  from  the  stand-pipe, 
and  can  be  raised  or  lowered  readily  by  means  of  wire  ropes  and  a 
windlass. 

Regulation  of  Coagulant  Feed. — At  the  bottom  of  the  orifice  tank 
there  is  a  rectangular  slot,  made  of  hard  rubber  and  having  a  fixed 
width  of  J  in.  By  means  of  a  slide,  which  works  over  the  face  of  this 
orifice,  the  length  of  this  opening  may  be  adjusted  from  0  to  6  ins. 
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Adjustment  is  made  by  a  rod,  which  connects  with  the  slide  in  the 
tank  and  passes  through  the  side  of  the  tank  to  a  frame.  A  milled 
wheel  in  a  fixed  bearing,  with  a  fine  adjusting  thread,  is  used  to  move 
the  orifice  plate.  A  pointer  on  the  rod,  over  a  fixed  scale,  indicates 
the  length  of  the  opening  and  facilitates  adjustment.  The  orifice  is 
calibrated  for  the  different  divisions  of  the  indicator,  and  a  diagram  is 
used  to  indicate  the  corresponding  flow. 

In  the  original  design  provision  was  made  for  a  series  of  orifice 
plates,  each  plate  to  contain  thirty-two  orifices,  corresponding  to  the 
number  of  filters.  In  operation  it  was  the  intention  to  plug  as  many 
of  these  orifices  as  there  were  filters  out  of  service,  and  to  have  differ- 
ent-sized orifices  in  each  of  the  series  of  plates,  so  as  to  provide  a  rea- 
sonable range  in  the  rate  of  application  of  the  sulphate  of  alumina  to 
the  water  treated.  This  design  was  abandoned,  partly  on  account  of 
the  interference  with  each  other  of  the  orifices  placed  .fairly  near 
together,  and  partly  on  account  of  changes  in  the  edges  of  the  orifices 
due  to  fine  granular  deposits  which  would  probably  accumulate  there. 

The  device  which  was  built  is  moderately  satisfactory,  but  has  given 
some  trouble,  chiefly  due  to  inability  to  secure  at  all  times  a  volume 
of  flow  corresponding  to  that  indicated  by  the  length  of  opening  of  the 
orifice.  Some  difficulties  of  a  clogging  nature  were  encountered  at 
first,  due  principally  to  splinters  from  the  barrels,  which  passed 
through  the  screens  first  used  in  the  mixing  tanks. 

In  each  of  the  mixing  tanks  is  an  automatic  recording  gauge  which 
makes  a  constant  record  of  the  depth  "of  solution.  For  periods  of 
several  hours,  the  differences  in  the  level  of  the  solution  in  the  tank,  as 
read  from  the  gauge,  give  a  satisfactory  record  of  the  quantity  of  solu- 
tion used.  Owing  to  the  size  of  the  tanks,  however,  this  does  not  give 
an  immediate  detection  of  a  change  in  tho  rate  of  flow.  This  informa- 
tion is  now  obtained  by  a  float  in  the  orifice  tank,  which  rings  a  gong 
as  soon  as  the  level  of  the  solution  in  the  small  tanks  drops  1  in.  That 
is,  if  the  flow  is  interrupted,  in  degree  equivalent  to  the  full  flow  for 
less  than  one  minute,  the  fact  is  announced  by  this  gong.  Changes  in 
the  rate  of  application  of  the  coagulant  solution  are  secured  ordinarily 
by  the  indicator  connected  with  the  calibrated  screw  for  changing  the 
length  of  the  orifice,  but  at  intervals  this  is  checked  by  means  of  a 
small  measuring  tank  holding  about  30  galls.,  and  through  which  the 
solution  passes  on  its  way  to  the  discharging  manifold  in  the  mouth 
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of  the  main  inlet  pipe.  With  the  devices  for  controlling  the  coagulant 
solntion  as  they  now  stand,  it  is  considered  that  this  branch  of  the 
plant  is  under  satisfactory  control. 

Application  of  Soda  Ash. — At  times  of  heavy  floods  the  alkalinity  of 
the  river  water  becomes  very  low,  and  at  rare  intervals  it  is  necessary 
to  add  some  alkali  in  order  to  ensure  complete  decomposition  of  the 
applied  coagulant.  Solutions  of  soda  ash  are  used  for  this  purpose. 
They  are  prepared  in  iron  tanks,  6  ft.  in  diameter  and  6  ft.  deep. 
Both  hot  and  cold  water  are  piped  to  these  tanks,  in  each  of  which 
there  is  a  false  bottom  of  perforated  brass  on  which  the  dry  chemical 
is  placed.  The  tanks  are  then  filled  from  below,  preferably  with  hot 
water,  the  upward  current  furnishing  sufficient  agitation  to  stir  the 
solution.  Ordinarily,  the  solutions  as  used  contain  b%  of  soda  ash. 
From  the  tanks,  the  soda  solution  is  pumped  by  a  triplex  pump 
operated  by  an  electric  motor,  and  enters  the  raw  water  in  the  main 
inlet  pipe  about  175  ft.  from  its  entrance  into  the  coagulating  basin. 
Black -iron  pipe  is  used  throughout  for  the  soda  outfit.  The  regula- 
tion of  the  flow  of  the  solution  iB  obtained  entirely  by  the  speed  of 
the  pump. 

Cleaning  the  Basins.  -  As  the  bottom  of  the  coagulating  basin  and  of 
the  clear-water  basin  is  below  low  water  in  the  river,  it  is  necessary, 
for  purposes  of  cleaning,  to  pump  out  the  contents  of  the  lower  6  to 
10  ft.  In  the  coagulating  basin  there  is  a  sump,  located  as  shown  on 
the  plans,  to  which  the  floor  slopes  slightly.  Cast-iron  suction  pipes 
lead  from  this  sump  to  duplicate  vertical  centrifugal  pumps  located 
in  the  sludge  pump  well  outside  the  main  structure,  as  shown  in 
Fig.  3.  There  is  also  a  suction  pipe  for  these  pumps  extending  to 
suitable  sumps  in  the  clear- water  basin.  To  prevent  any  admission  of 
water  from  the  coagulating  basin  to  the  clear- water  basin,  the  valves 
from  these  pipes  are  designed  to  be  interlocked.  The  pumps  are  operated 
by  electric  motors  set  on  a  platform  in  the  well  just  above  high  water. 
The  discharge  pipes  from  the  sludge  pumps  are  arranged  so  as  to  allow 
a  direct  discharge  of  the  sediment  into  the  river,  or,  if  desired,  into  the 
catch-basin  at  the  eastern  end  of  the  plant,  from  which  the  overflow 
reaches  the  river  after  leaving  behind  the  bulk  of  the  sediment. 

To  facilitate  the  removal  of  the  last  portion  of  the  sediment  in  the 
coagulating  basin,  six  hose  connections  with  the  high-service  filtered  - 
water  main  are  distributed  around  the  basin,  about  4  ft.  from  the 
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"bottom.  Thus  far,  the  water  for  flushing  purposes  has  been  obtained 
"by  opening  the  gates  at  the  bottom  of  the  stand-pipe,  thus  admitting 
raw  river  water. 

Fitter-Strainer  System. — The  strainer  system  in  the  floor  of  the  filter 
comprises  a  cast-iron  header,  oval  in  section,  12x6  ins.,  running 
lengthwise  of  the  tank  in  the  center,  to  which  are  connected  lj-in. 
cast-iron  laterals,  set  6A  ins.  from  center  to  center.  The  laterals  are 
cemented  into  the  header,  and  extend  to  the  sides  of  the  tank,  where 
their  ends  are  closed  with  cement  plugs.  Into  the  header  and  the 
laterals  are  screwed  strainers  of  the  Continental  type,  on  6i-in.  centers, 
there  being  1  316  strainers  in  each  filter  tank. 

The  body  of  these  strainers  is  made  of  hard  cast  brass,  and  the  top 
of  cupped  brass  plate.  In  each  strainer  there  are  33  holes,  -,J6-  in.  in 
diameter  in  the  top  and  sides.  The  neck  of  the  strainer  is  a  f -in.  brass 
tube,  which  extends  into  the  cast-iron  lateral  to  within  J  in.  of  the 
bottom.  This  extension  tube  forms  a  trap  when  air  is  applied,  and 
the  air  passes  from  the  lateral  through  a  perforation  in  this  extension 
tube,  A  in.  in  diameter,  and  located  just  below  the  upper  wall  of  the 
cast-iron  lateral. 

The  connection  to  the  strainer  system  from  below  is  through  the 
bottom  of  the  tank  at  the  center,  where  a  cast-iron  ring  is  set  in  the 
concrete.  The  central  tee  of  the  strainer  manifold  is  bolted  to  this 
ring  at  the  top,  and  at  the  bottom  are  fastened  the  pipe  connections 
which  provide  an  outlet  for  the  filtered  water  and  the  inlet  for  the 
water  and  air  used  in  washing.  By  means  of  va  special  double  pipe- 
casting,  air  is  admitted  to  the  strainer  system  at  the  top  of  the  central 
manifold  tee,  an  internal  casting  in  the  pipe  connection  passing  up 
through  the  ring  casting  and  into  the  tee.  To  the  lower  end  of  the 
opening  of  this  internal  pipe  is  connected  the  air  supply  line,  which 
passes  beneath  the  floor  of  the  filter  to  the  main  air  line  in  the  pipe 
gallery.  The  outer  portion  of  this  special  casting  forms  a  water 
channel,  and  is  connected  with  the  pipe  passing  under  the  floor  of  the 
filter  to  the  pipe  gallery,  and  is  used  as  an  outlet  for  the  filtered  water 
and  an  inlet  for  the  wash-water. 

The  space  between  the  lateral  pipes  is  filled  with  gravel  and  covered 
with  a  cement  surface  to  give  a  level  floor  just  below  the  strainers. 
The  construction  was  such  as  to  facilitate,  in  case  of  repairs,  ready 
removal  and  replacement.     The  cement  surface  was  coated  with  two 
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layers  of  brick  preservative  paint,  to  prevent  solution  of  the  cement 
before  it  had  completely  set. 

The  general  arrangement  of  this  strainer  system  is  shown  in  Plate 
XXI.  At  the  ordinary  rate  of  filtration  the  linear  velocity  of  the  water 
in  the  main  header  of  the  manifold,  as  it  leaves  the  filter  tank,  is  about 
2  ft.  per  second.  In  the  laterals,  as  the  water  enters  the  main  header, 
the  velocity  is  about  1  ft.  per  second.  The  exit  area  of  the  orifices  is 
equal  to  0.37  sq.  in.  per  square  foot  of  filtering  surface. 

The  size  of  the  orifices  in  the  strainer  system,  iV  in.,  is  larger  than 
in  the  case  of  most  mechanical  filter  plants  now  in  service,  and  it  is 
believed  that  the  resulting  freedom  from  clogging,  which,  in  many 
instances,  is  characteristic  of  fine  perforations  or  fine  slots,  is  a  distinct 
advantage.  It  is  necessary,  however,  with  this  type  of  strainer,  always 
to  use  gravel  to  support  the  sand  and  prevent  it  from  reaching  the 
orifices.  The  arrangement  of  this  gravel  is  described  under  "Filter- 
ing Materials." 

The  total  loss  of  head,  including  both  friction  and  velocity  head, 
through  the  strainer  system  and  outlet  pipe,  at  the  normal  rate  of 
filtration,  2  galls,  per  square  foot  per  minute,  is  about  0.7  ft. 

Filtering  Materials.— On  the  floor  of  the  filter  there  are  2  ins.  of 
broken  quartz,  above  which  is  a  5-in.  layer  of  finer  quartz.  The  object 
of  these  quartz  layers,  as  indicated  previously,  is  to  protect  the 
strainer  system  from  the  entrance  of  sand  into  the  orifices  and  through 
the  outlet  pipe  into  the  controllers.  The  coarser  of  these  two  gravel 
layers  was  passed  through  a  screen  having  4  meshes  to  the  linear  inch, 
and  was  retained  on  a  screen  having  8  meshes.  Its  effective  size  is 
4.4  mm.,  and  its  uniformity  coefficient  is  1.30.  The  finer  gravel  layer 
was  screened  between  8  and  12  meshes  to  the  inch.  Its  effective  size  is 
2.00  mm.,  and  its  uniformity  coefficient  is  1.45. 

The  success  of  these  gravel  layers  depends  upon  the  selection  of 
materials  of  such  hydraulic  subsiding  value  that  they  are  not  unseated 
when  wash-water  iB  applied  at  the  velocities  used,  and  of  a  size  fine 
enough  to  prevent  the  sand  from  passing  through  them. 

Regarding  the  filtering  sand,  the  filter  tanks  in  the  north  wing  are 
the  only  ones  which  have  as  yet  been  filled.  As  this  was  the  only 
portion  of  the  plant  to  go  into  service  during  the  first  year,  it  was  de- 
cided that  it  would  be  advisable  to  try  different  sizes  of  filtering  sand 
and  then  charge  the  tanks  in  the  south  wing  at  a  later  date  with  the 
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material  which  was  found  to  give  most  satisfactory  service  under  the 
actual  local  conditions. 

It  was  specified  that  the  filtering  sand,  which  is  30  ins.  in  thick- 
ness, should  have  an  effective  size  within  the  limits  of  0.35  to  0.42  mm., 
with  a  uniformity  coefficient  of  not  more  than  1.50.  Not  more  than 
l/o »  by  weight,  of  the  sand  was  allowed  to  be  finer  than  0.25  mm.,  and 
not  more  than  0.2%  finer  than  0.20  mm. 

Considerable  difficulty  was  experienced  in  getting  suitable  sand. 
The  two  sand  dealers  with  whom  the  contract  was  placed  by  the 
Filtration  Company  failed  to  deliver  the  material,  and  the  commence- 
ment of  operations  was  delayed  fully  one  month,  during  which  time 
the  joint  efforts  of  all  concerned  were  devoted  to  securing  suitable 
sand  from  any  available  source.  Part  of  the  sand  came  from  near 
Oyster  Bay,  Long  Island,  part  from  Boslyn,  Long  Island,  and  part 
from  Hanover,  N.  J.  The  difficulty  consisted  principally  in  getting 
sand  from  which  the  fine  material  was  properly  eliminated.  It  was 
not  found  feasible,  with  the  screening  outfits  as  built  and  operated  at 
the  several  places,  to  remove  the  fine  material  by  screening  under 
water.  Screening  of  the  sand  when  absolutely  dry  seemed  to  be  the 
only  thoroughly  successful  method  of  securing  the  material  speci- 
fied. Sand  screening  at  the  several  places  was  watched  by  representa- 
tives of  the  Water  Company,  and  Allen  Hazen,  M.  Am.  Soc.  C.  £.}  in 
the  interests  of  the  Water  Company,  also  advised. 

The  final  outcome  was  that  sand  containing  a  considerable  excess 
of  fine  material  was  allowed  to  go  into  the  tanks,  and  the  fine  particles 
were  removed  by  repeated  washing  of  the  material  in  place  and  scrap- 
ing of  the  surface  layers.  In  many  cases  as  much  as  one-third  of  the 
sand  as  delivered  was  removed  from  the  filter  tanks  by  scraping.  In 
this  way  satisfactory  results  were  obtained  finally. 

As  already  stated,  it  was  decided  to  make  some  differential  tests 
during  regular  operations,  in  order  to  discover  the  most  suitable  size 
of  sand  for  these  filters.  It  was  arranged  to  have  two  filter  tanks 
charged  with  relatively  coarse  material,  two  others  with  relatively  fine 
material,  and  the  other  twelve  tanks  in  the  north  wing  charged  with 
material  fulfilling  the  original  specifications.  A  summary  of  the 
mechanical  analyses  of  the  materials  in  the  sixteen  filters  now  in  use  is 
given  in  Table  No.  1. 

The  analyses  summarized  in  Table  No.  1  were  made  during  the 
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second  month  of  service  of  the  filters.  In  December,  about  J  in.,  od 
an  average,  was  scraped  from  the  surface  of  the  niters.  Analyses  now 
being  made  indicate  that  the  effective  size,  on  an  average,  has  increased 
abont  0.02  mm.  The  analyses  given  in  Table  No.  1  are  representative 
of  the  conditions  under  which  the  results  of  operation  recorded  in  this 
paper  were  obtained. 

TABLE  No.  1.— Summaby   of   the  Mechanical  Analyses  op 
Filtering  Sands. 


Number  of  filter. 

Effective  size,  in 

millimeters. 
(10X  finer  than.) 

Uniformity 
coefficient. 

1 

0.44 
0.40 
0.37 
0.41 
0.88 
0.41 
0.85 
0.42 
0.40 
0.41 
0.87 
0.46 
0.80 
0.30 
0.80 
0.88 

1.82 

2 

1.50 

8 

1.88 

4 

1.44 

5 

1.50 

6 

1.44 

7 

1.50 

8 

1.48 

9 

1.42 

10 

1.46 

11 

1.41 

12 

18 

1.50 
1.50 

14 

1.50 

15 

1.46 

16 

1.50 

Percentage  fiaer  thak: 


0.25  mm. 


0 

0 

0.2 

0 

0.4 

0.1 

0.5 

0.4 

0.5 

0.4 

0.8 

0.4 

0.2 

0.2 

0.2 

0.1 


0.20] 


0 

0 

0 

0 

0.1 

0 

0.2 

0.1 

0 

0.2 

0.1 

0 

0.1 

0.1 

0.1 

0.2 


The  loss  of  head  due  to  friction  in  30  ins.  of  sand  of  normal  size 
(effective  size  0.41  mm.,  and  uniformity  coefficient  1.45)  when  clean 
is  1.1,  1.7  and  2.6  ft.,  respectively,  for  rates  of  filtration  of  80,  125  and 
185  millions  of  gallons  per  acre  daily.  For  the  coarse  sand  (effective 
size  0.46  mm.,  and  uniformity  coefficient  1.40)  the  loss  is  1.4  ft.  for  ft 
rate  of  125  000  000  galls,  per  acre  daily. 

Wash-  Water  Appliances. — Wash-water  is  ordinarily  applied  to  the 
filters  by  centrifugal  pumps  operated  by  direct-connected  motors, 
and  which  take  their  supply  from  the  clear- water  basin  below  the 
filters.  One  centrifugal  pump  and  motor  is  placed  in  the  bottom  of 
each  pipe  gallery.  These  pumps  have  a  capacity  of  3  000  galls,  per 
minute.  The  piping  is  cross-connected,  so  that  either  pump  may  be 
used  for  washing  one  filter  at  a  time  in  either  wing.  The  wash-water 
lines  are  also  connected  with  the  force  mains  leading  from  the 
pumping  station  to  the  distributing  reservoirs  in  the  districts  sup- 
plied with  filtered  water.     On  this  connection  to  the  high-pressure 
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line  are  pressure-reducing  valves.  As  the  filters  are  now  operated,  a 
head  of  about  25  ft.,  measured  from  the  floor  of  the  filter  tanks,  is 
maintained  in  the  main  -wash-water  line. 

When  the  wash-water  is  applied  to  the  filters  it  enters  the  filtered- 
water  outlet  pipe,  passes  through  the  manifold  pipe  of  the  strainer- 
system,  and  thenoe  through  the  strainers  themselves  into  and  through 
the  sand  layer.  The  dirty  wash-water  is  removed,  in  part,  through 
lateral  gutters  about  60  sq.  ins.  in  cross-section,  placed  along  the  sides 
of  each  filter  tank,  and  formed  by  a  steel  plate  attached  to  the  ledge 
provided  in  the  masonry  walls.  There  is  also  a  central  gutter,  of 
about  85  sq.  ins.  in  cross-section,  extending  from  the  rear  of  the 
tank  and  discharging  into  the  front  gutter  about  140  sq.  ins.  in 
cross-section,  extending  across  the  end  of  the  filter,  and  which 
receives  also  the  flow  of  the  lateral  gutters.  The  distance  from  the 
top  of  each  of  these  gutters  down  to  the  surface  of  the  sand  layer, 
when  the  filter  is  in  regular  service,  is  about  12  ins. 

The  dirty  wash- water  leaves  the  filter  through  the  inlet  pipe,  to 
which  there  is  a  branch  leading  to  the  sewer.  The  wash-water  system 
was  designed  for  an  application  of  wash-water  at  a  vertical  velocity 
of  about  1  ft.  per  minute  (equal  to  about  7J  galls,  per  square  foot  per 
minute).  The  carrying  capacity  of  the  lateral  and  central  gutters  is 
somewhat  less  than  was  expected,  and  when  the  wash-water  is  applied 
at  the  foregoing  rate  a  weir  action  is  not  obtained  for  the  full  length 
of  the  lateral  gutters.  It  was  found,  however,  owing  to  the  fineness 
And  low  specific  gravity  of  the  materials  removed  from  the  water  by 
filtration,  that  lower  velocities  for  the  wash- water  are  more  advan- 
tageous than  was  expected,  from  experiences  with  filters  treating 
muddy  waters  in  the  South  and  West.  Accordingly,  these  gutters 
have  worked  reasonably  well,  under  the  existing  conditions.  It  is 
planned,  however,  to  raise  them  some  3  or  4  ins.  and  increase  cor- 
respondingly the  thickness  of  the  sand  layer,  as  soon  as  additional 
filtering  material  may  be  conveniently  obtained. 

The  devices  for  facilitating  the  operation  of  washing  the  filters,  and 
the  general  procedure  which  is  being  followed,  are  considered  further 
on. 

Agitation  of  the  Sand  Layer. — Compressed  air,  under  a  low  pressure, 
is  used  in  agitating  the  sand  layer  and  facilitating  the  removal  of  the 
accumulated  materials  during  washing,  in  place  of  the  mechanical 
stirring  devices  with  rake  arms,  such  as  have  been  used  in  the  majority 
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of  filter  plants  now  in  service.  In  the  machinery-room  there  are  two 
No.  3,  Boot's  rotary  blowers,  of  standard  make,  direct-connected  with 
electric  motors.  Each  has  a  guaranteed  capacity  of  1  500  cu.  ft.  of 
free  air  per  minute,  under  a  pressure  of  5  lbs.  From  the  main  air  line, 
running  lengthwise  of  each  pipe  gallery,  there  is  a  branch  to  each 
filter,  passing  beneath  the  filter  floor  and  entering  the  special  casting 
below  the  center  of  the  floor  of  the  filter.  The  air  is  delivered  at  the 
top  of  this  casting,  thence  it  passes  through  the  manifold  piping  system 
to  the  trapped  strainers,  next  through  a  small  orifice  in  the  strainer- 
tube  extension  near  the  top  of  each  lateral  pipe,  and  thence  through 
the  several  strainers.  The  rate  of  application  of  air  used  ordinarily  is 
about  1  000  ou.  ft.  per  minute,  under  a  pressure  of  3  lbs.  The  dis- 
tribution of  the  air  through  all  the  strainers  is  uniform  to  a  satisfac- 
tory degree,  and  it  agitates  the  sand  bed  efficiently,  causing  the  grains 
to  be  rubbed  together,  and  with  facility  freed  from  the  films  of  organic 
and  other  matters  which  surround  the  individual  grains. 

In  no  instance  is  agitation  with  air  used  at  the  same  time  that  the 
wash- water  is  applied  to  the  filters.  The  application  of  air  forms  the 
first  step  in  the  process  of  cleaning,  and  then,  after  the  wash-water 
has  been  applied  to  secure  fairly  thorough  cleaning,  the  air  has  been 
again  applied  for  about  one  minute  to  effect  further  cleansing. 
During  the  application  of  air  the  water  stands  in  the  filters  about 
4  ins.  above  the  top  of  the  sand  surface,  or  8  ins.  below  the  top  of  the 
overflow  gutters.  The  applied  air  raises  the  sand  layer  about  3  ins., 
but  it  does  not  cause  the  entire  mass  to  become  floated  as  in  the 
process  of  washing.  Water  is  always  used  after  the  last  application 
of  air,  and  thus  the  sand  layers  are  freed  from  any  entrained  air. 
The  application  of  air  in  the  manner  described  does  not  effect  any 
appreciable  grading  of  the  sand  grains. 

Filter  Piping  and  Connections. — Plate  XXI  shows  a  plan  and 
section  indicating  the  size  and  general  arrangement  of  the  piping,  all 
of  which  is  placed  within  the  pipe  gallery,  together  with  the  con- 
nections  to  the  filters.     The  sizes  of  the  leading  pipes  are  as  follows: 

Main  raw-water  supply 48  ins. 

"    wash-water  supply 16  '« 

"    air  supply .  8  " 

"    drain 20  " 

Individual  filtered- water  outlet 10  " 

"        raw-water  inlet 12  " 

"        air  line 6  " 


Papers.]  FILTRATION   WORKS.  179 

The  main  inlet  pipe  is  of  riveted  steel,  and  is  carried  on  hangers 
attached  to  the  Bansome  beams  supporting  the  operating  floor.  All 
other  pipe  is  of  cast  iron.  Flange  valves  were  nsed  throughout,  but 
hub  and  spigot  joints  were  put  in  wherever  possible,  both  on  account 
of  cost  and  the  greater  ease  of  erection  and  connection  to  the  masonry 
structures.  It  was  the  aim,  also,  to  distribute  the  flange  and  hub 
connections  so  that  in  the  event  of  a  break  the  broken  piece  would  be 
most  easily  removed.    x 

Effluent  Controller, — Each  filter  is  provided  with  an  automatic  con- 
troller, of  the  well-known  Weston  type,  consisting  essentially  of  a 
moving  orifice  operated  by  a  float  in  an  open  compartment.  The  water 
enters  the  controller  through  butterfly  valves,  which  are  operated  by 
the  float.  The  action  of  these  controllers  is  to  maintain  a  uniform 
rate  of  discharge,  independent  of  the  head  on  the  outlet  pipe.  Ac  • 
cordingly,  the  filters  are  always  operated  during  filtration  with  the 
valve  on  the  outlet  pipe  wide  open,  and  the  flow  is  controlled 
automatically  by  this  device. 

Orifice  discs  of  three  different  sizes  are  provided  with  each  con- 
troller, giving  yields  of  about  1  000  000,  1  250  000  and  1  500  000  galls. 
per  filter  per  24  hours,  respectively.  There  are  also  a  few  special  discs 
to  give  a  daily  yield  of  650  000  galls. 

The  head  lost  in  these  controllers,  as  measured  from  the  water 
level  in  the  outlet  stand-pipe  (when  the  float  in  the  controller  is 
seated)  to  the  top  of  the  pipe  gallery  floor,  is  about  2.5,  3.0,  or  4  0  ft., 
when  the  yields  of  the  Alters  are  650  000,  1  000  000  or  1  500  000  galls. 
daily,  respectively. 

These  controllers  are  placed  in  the  bottom  of  the  filter  gallery, 
and  discharge  the  filtered  water  through  an  outlet  pipe  directly  into 
the  clear- water  basin  below.  By  means  of  a  galvanized -iron  funnel 
and  cross-connection  pipe,  the  water  from  any  filter  may  be  discharged 
into  the  opposite  compartment  of  the  clear-water  basin  when  desired. 

Hydraulic  Valves. — All  the  valves  on  the  filter  piping  are  of  Rens- 
selaer make,  are  generally  light-weight,  double-disc  gate-valves,  and 
are  operated  by  hydraulic  cylinders.  The  valves  on  the  wash-water 
line  are  all  heavy  weight.  The  water  to  operate  these  cylinders  is 
furnished  by  a  separate,  high-service  line,  the  connections  from  which 
are  controlled  by  special  four-way  cocks.  They  are  operated  by 
levers,  with  indicators  showing  the  position  of  the  valves,  conveniently 
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located  on  the  operating  table  in  front  of  each  filter  on  the  platform 
above  the  pipe  gallery. 

Lo&s-of- Bead  Gauges.— On  each  operating  table  there  is  a  loss-of- 
head  gauge,  the  dial  of  which  is  operated  by  a  float  in  the  water  above 
the  sand  layer  in  the  filter,  and  the  pointer  of  which  is  operated  by  a 
float  in  a  small  stand-pipe  connected  to  the  outlet  pipe  through  which 
the  filtered  water  passes  to  the  controller.  These  gauges,  which  were 
designed  and  made  by  the  Filtration  Company ,  are  somewhat  novel,  in 
that  there  is  an  automatic  adjustment  of  the  zero  point  of  the  gauge 
to  different  water  levels  in  the  filters.  By  means  of  this  adjustable 
dial  the  reading  of  the  pointer  gives  the  frictional  resistance,  or  loss 
of  head,  in  the  filter  at  any  time.  Electrical  connection  is  made  when 
the  loss  of  head  reaches  the  maximum,  so  that  a  bell  is  rung  and  an 
electric  light  is  turned  on,  thus  warning  the  operator  that  it  is  time  to 
wash  the  filter. 

Available  Heaa\ — The  gross  head  available,  measured  from  the  top 
of  the  filter  tanks  to  the  maximum  water  level  in  the  clear-water  basin, 
is  14  ft.  Ordinarily,  the  water  level  on  the  filters  is  kept  about  1  ft. 
below  the  top  of  the  filter  walls,  giving  an  available  head  of  13  ft. 

In  a  filter  containing  normal  sand,  and  operated  at  the  regular 
rate  (1  000  000  galls,  per  24  hours),  the  loss  of  head,  directly  after 
washing,  averages  2.3  ft.  Adding  this  to  the  head  lost  by  the  con- 
troller, there  is  left  a  net  effective  head  of  7.7  ft.  for  overcoming 
the  friction  caused  by  the  accumulations  of  Bediment,  etc.,  in  the  sand 
layer.  With  a  filter  containing  coarse  sand  (0.46  mm.  effective  size), 
and  operated  at  the  regular  rate,  this  effective  head  is  8.0  ft.  With  a 
filter  containing  normal  sand,  and  operated  at  a  rate  of  1  500  000  galls, 
per  24  hours,  the  net  effective  head  is  5  ft. 

Arrangement  of  Devices  for  Operating  the  Plant. — Unusual  attention 
was  given  to  making  the  operation  of  this  plant  as  automatic  as  prac- 
ticable, with  provisions  for  indicating  to  the  man  in  charge  the 
status  of  the  various  operations  at  all  times. 

Mention  has  already  been  made  of  the  devices  in  connection  with 
the  preparation  and  regulation  of  the  flow  of  the  chemical  solutions, 
the  automatic  filter  controllers,  hydraulic  cylinders  for  the  operation 
of  the  valves,  and  the  loss-of-head  gauges.  In  addition  to  these  the 
detailed  arrangements  include  gauges  for  indicating  the  water  levels  in 
the  ooagulating  basin  and  clear-water  basin,  and  devices  for  sampling 
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the  water  as  it  passes  through  the  plant.  In  the  general  office  are  two 
glass  cylinders  through  which  pass  constant  streams  of  raw  and  filtered 
water. 

Each  filter  is  provided  with  an  arrangement  by  which  a  sample  of 
filtered  water  from  it  may  be  collected  readily  at  any  time.  In  the 
pipe  gallery  opposite  the  outlet  pipe  of  each  filter  is  a  small  Pelton 
water-wheel  operated  from  the  high-service  line.  This  wheel  operates 
two  J-in.  centrifugal  pumps,  the  suction  of  one  of  which  is  in  the  filter 
outlet  pipe,  and  the  other  in  the  filter  inlet  pipe.  The  discharge  of 
each  is  piped  to  the  operating  table,  where  there  are  cocks  on  the 
pipes  to  oontrol  the  flow  into  a  sink*  These  devices  enable  the  oper- 
ator to  collect  at  each  filter  samples  of  the  raw  water  on  its  way  to  the 
filter,  the  filtered  water  as  it  leaves  the  filter,  or  the  dirty  wash-water 
after  it  leaves  the  filter  during  the  washing  process.  There  are,  also, 
at  each  operating  table,  sight  tubes,  the  intended  purpose  of  which  is 
to  show  the  character  of  the  filtered  water,  the  raw  water,  or  the  dirty 
wash-water,  as  the  case  may  be.  These  devices  for  inspecting  the  fil- 
tered water  and  collecting  samples  of  it  have  proved  very  helpful.  The 
sight-tubes,  however,  as  they  now  stand,  have  not  proved  very  satis- 
factory, owing  to  the  illumination  being  furnished  by  lamps  which  are 
not  suitable.  The  intense  brown  appearance  of  the  dirty  wash-water, 
due  to  the  organic  matter  contained  therein,  makes  it  improbable  that 
the  sight-tubes  will  ever  be  of  much  assistance  in  this  plant  in  deter- 
mining when  the  application  of  wash-water  should  cease.  This  can 
be  found  much  better  by  an  inspection  of  the  water  in  the  filter  tank 
itself,  which  is  illuminated  by  an  electric  light  favorably  situated. 

Plates  XIX  and  XX  show  the  general  arrangement  of  the  filter- 
house  and  the  marble  operating  tables  placed  opposite  each  filter. 

Description  and  Results  of  Operation. 
In  brief  terms,  the  general  procedure  of  operating  a  mechanical 
filter  plant  of  this  character  may  be  said  to  consist  of  the  preparation 
of  solutions  of  coagulating  chemical,  the  application  of  the  same  to 
the  river  water  in  quantities  adapted  to  its  character,  the  cleaning  of 
the  filters  from  time  to  time  when  the  clogging  materials  in  the  sand 
layers  exhaust  the  available  head,  and  the  adjustment  of  the  number 
of  filters  in  service  to  yield  the  quantity  of  filtered  water  correspond- 
ing to  the  demands  made  upon  the  clear-water  basin  by  the  main 
pumping  station. 
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!  With  a  plant  equipped  with  such  automatic  devices  as  are  provided 

at  these  works  the  operation  of  the  filters  themselves  is  a  simple  matter, 
and  can  be  entrusted  to  ordinary  intelligent  laborers,  subject  to 
the  oversight  of  a  foreman.  The  preparation  and  application  of  solu- 
tions of  coagulant  require  somewhat  more  attention,  and,  to  be  done 
effectively,  and  at  the  same  time  economically,  there  is  required  the 
attention  of  an  intelligent  and  watchful  superintendent  capable  of 
taking  advantage  of  a  certain  amount  of  analytical  evidence  showing 
from  time  to  time  the  character  of  the  water  which  he  has  to  treat. 
There  are,  of  course,  some  other  matters  occasionally  requiring  atten- 
tion, such  as  the  cleaning  of  the  coagulating  basin,  the  packing  of 
valves,  and  other  work  incidental  to  such  a  system  of  piping  and 
mechanical  appliances. 

These  filtration  works,  as  already  stated,  have  been  in  continuous 
service  since  September  4th,  1902.  During  the  first  year  of  service 
this  plant  is  being  operated  under  the  general  oversight  of  the  writer, 
and  during  the  first  six  months  it  has  been  under  the  immediate  charge 
of  Mr.  George  A.  Johnson. 

The  object  of  conducting  a  series  of  careful  investigations  of  the 
plant  during  its  initial  year  of  service  is  to  obtain  information  whereby 
the  plant  can  be  operated  to  best  advantage  in  the  treatment  of  the 
local  water  as  it  passes  through  its  various  seasonal  changes,  and  espe- 
cially to  ascertain  the  most  judicious  manner  of  coagulating  the  water 
and  of  washing  the  filters,  and  to  prepare  schedules  whereby  the 
regular  attendants  may  operate  the  plant  properly,  at  a  later  date. 

As  already  stated,  the  filter  tanks  in  the  south  wing  have  not  yet 
been  charged  with  sand,  and  among  the  special  studies  undertaken 
is  that  of  the  determination  of  the  size  of  sand  best  adapted  to  local 
conditions.  These  and  other  matters  led  to  establishing  at  the  outset 
a  schedule  which  involved  the  determination  of  data  upon  several 
points  of  importance. 

Differential  Tests, — Twelve  of  the  sixteen  filters  in  the  north  wing 
have  been  used  regularly  for  obtaining  data  for  differential  or  compar- 
ative purposes.  They  consist  of  six  pairs,  in  duplicate.  One  pair 
contains  the  normal  sand  as  originally  specified,  another  coarse  sand, 
another  fine  sand,  another  normal  sand  operated  at  a  high  rate,  and 
another  normal  sand  operated  at  a  low  rate.  The  final  pair  contains 
normal  sand  in  which  no  air  is  used  in  cleaning  the  sand  layers.  Wash- 
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water  and  air  are  applied  in  the  same  manner  to  the  five  pairs  of  filters 
first  mentioned.  Unless  otherwise  stated,  the  rate  of  filtration  is  normal, 
125  000  000  galls,  per  acre  daily,  or  about  2  galls,  per  square  foot  per 
minute.  The  remaining  filters  in  the  north  wing,  when  in  service,  are 
used  for  studying  the  best  rate  of  application  of  wash-water  and  of 
Air,  and  of  other  allied  matters  which  can  be  taken  np  as  individual 
studies. 

The  essential  details  of  the  twelve  niters  nsed  for  differential  pur- 
poses are  indicated  in  Table  No.  2. 

Tabub  No.  2. — Summabt  of  the  Essential  Dbtaiia  of  Feltebs. 


Sand  Layer. 

Air  used 

in 
washing. 

Rath  of  Filtration. 

Filter 
number. 

Grade. 

Effective 
size. 
Milli- 
meters. 

Uniformity 
coefficient. 

Millions  of 
gallons  per 
acre  daily. 

Approximate 
gallons  per 
square  foot 
per  minute. 

1 

Coarse. 
Coarse. 

Fine. 

Fine. 
Normal. 
NormaL 
NormaL 
Normal. 
NormaL 
Normal. 
Normal. 
Normal. 

0.44 
0.48 
0.87 
0.85 
0.40 
0.48 
0.80 
0.88 
0.40 
0.41 
0.41 
0.41 

1.88 
1.60 
1.88 
1.51 
1.60 
1.48 
1.50 
1.60 
1.48 
1.46 
1.44 
1.44 

Yes. 
Yes. 
Yes. 
Yes. 
Yes. 
Yes. 

No. 

No. 
Yes. 
Yes. 
Yes. 
Yes. 

185 
185 
185 
185 
195 
185 
196 
195 
80 
80 
186 
185 

9 

18 

9 

8 

7 

9 
9 

8 

8 

8 

8 

18 

9 

16 

9 

9 

1.95 

10 

1.95 

4 

8 

6 

8 

Force  Employed. — Owing  to  the  amount  of  work  involved  by  the 
special  tests,  together  with  all  other  special  studies  indicated  herein, 
the  force  employed  in  the  operation  of  these  works,  np  to  the  present 
time,  has  been  considerably  in  excess  of  that  which  will  suffice  later. 
It  is  also  to  be  borne  in  mind  that  at  the  outset  the  attendants 
employed  for  the  operation  of  this  plant  were  entirely  unfamiliar  with 
the  operation  of  mechanical  filters,  and  that  there  has  been  necessary 
it  period  of  instruction  during  which  it  was  important  not  to  require  of 
the  men  more  detailed  observations  than  they  could  readily  make. 
Thus  far,  Mr.  Johnson  has  been  assisted  by  nine  men,  three  of  whom 
-were  technically  trained.  Of  the  latter,  one  devoted  himself  exclu- 
sively to  engineering  matters  and  the  compilation  of  results,  one  to 
analytical  work,  and  the  third  to  general  work  both  in  the  laboratory 
and  in  operating  the  plant.     There  is  one  filter  attendant  on  each 
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-watch  of  twelve  hours,  and  one  man  in  the  machinery-room.  There 
is  also  one  mechanic  on  duty  during  the  day,  and  one  boy,  as  genexal 
helper  in  the  laboratory  and  as  janitor. 

When  the  plant  is  operating  at  full  capacity  in  the  future,  it  is 
expected  that  there  will  be  two  trained  men,  say,  a  superintendent  and 
an  assistant  superintendent,  both  of  whom  will  be  familiar  with 
ordinary  analytical  matters,  and  two  filter  attendants  and  one  attend- 
ant in  the  machinery-room,  on  each  watch.  Besides  these  there  will 
be  a  janitor  or  laboratory  helper.  At  times  there  will  be  required 
some  service  by  a  mechanic,  in  connection  with  the  machinery,  but  it 
is  expected  that  this  can  be  attended  to  by  the  mechanics  employed 
at  the  pumping  station  nearby.  Assuming  that  there  •will  be  required 
the  service  of  a  mechanic  equal  to  continuous  labor  of  one  man  per 
day,  the  total  force  employed,  with  12-hour  shifts,  would  be  ten 
men,  including  the  man  in  charge  and  his  principal  assistant. 

Observations  and  Analyses  Made. — A  close  watch  has  been  kept  upon 
all  principal  features  connected  with  the  operation  of  these  works. 
Hourly  readings  of  the  levels  of  the  water  in  the  coagulating  basin  and 
clear-water  basin,  and  in  the  coagulant  solution  tanks  are  taken 
and  reoorded,  as  well  as  of  the  loss  of  head  as  indicated  by  the  gauges 
on  each  filter  in  service.  Careful  records  are  also  made  of  all  obser- 
vations connected  with  the  washing  of  filters,  enabling  a  continuous 
and  complete  record  to  be  maintained  for  each  filter,  as  to  the  periods 
between  washings,  the  quantity  of  water  filtered  and  the  amount  of 
wash- water  and  air  applied. 

Regarding  analytical  work,  samples  of  the  river  water  and  the 
effluents  of  the  coagulating  basin  and  the  clear-water  basin  are  col- 
lected three  times  a  day,  to  be  examined  for  numbers  of  bacteria, 
amount  of  turbidity,  color,  amorphous  matter  and  alkalinity.  The 
water  before  and  after  filtration  is  also  examined  for  color  and 
turbidity  at  2-hour  intervals.  At  least  once  each  day,  a  sample 
from  the  effluent  of  each  individual  filter  in  service  is  examined  bac- 
terially.  From  time  to  time  samples  of  the  filtered  water  from  each 
filter  in  turn  have  been  collected  at  frequent  intervals,  to  show  the 
uniformity  in  composition  of  the  filtered  water.  At  frequent  intervals 
most  careful  tests  have  also  been  made  regarding  the  presence  of 
coagulant  in  the  filtered  water.  Once  a  week,  as  a  rule,  ohemical 
analyses  of  the  raw  and  filtered  water  have  been  made.     In  addition  to 
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this,  many  special  observations  have  been  made,  in  order  to  throw 
light  upon  such  matters  as  the  best  manner  of  -washing  the  filters, 
judged  by  the  rate  at  which  the  clogged  materials  were  removed  from 
the  sand  layer,  as  shown  by  the  character  of  the  dirty  wash- water. 
Frequent  analyses  of  the  sand  layers  have  also  been  made,  not  only 
for  their  contents  as  to  bacteria  and  suspended  matters,  but  also  to 
show  their  uniformity  in  size  as  indicated  by  mechanical  analyses. 

Up  to  February  1st,  the  amount  of  analytical  work  performed  is 
indicated  by  Table  No.  3. 

Table  No.  8. — Sumhabt  of  Analytical  Work. 

Complete  chemical  analyses 80 

Partial  analyses,  for  alkalinity,  alumina,  color  and 

turbidity 5120 

Other  special  analyses,  including  specific  gravity 

of  coagulant  solution 840 

Complete  microscopical  examinations 16 

Partial  examinations  for  amorphous  matter 148 

Examination  for  numbers  of  bacteria 4  260 

Mechanical  analyses  of  filtering  material 545 

Record  of  Results. — A  record  of  the  principal  results  obtained  is 
given  in  Tables  Nos.  4  and  5. 

Table  No.  4  is  a  summary  of  the  leading  results  by  days,  including* 
the  amount  of  coagulant  applied,  the  percentage  of  wash-water,  and 
the  alkalinity,  turbidity,  color,  amorphous  matter  and  bacteria  in  the 
river  water,  the  effluent  of  the  coagulating  basin  and  the  effluent  of  the 
niters. 

Table  No.  5  shows  the  results  of  the  chemical  analyses  of  the  raw 
and  filtered  water. 

The  number  of  microscopical  organisms  in  the  river  water  has- 
ranged  from  20  to  200  per  cubic  centimeter. 

Coagulant. — Sulphate  of  alumina  is  the  coagulant  which  has  been 
used  regularly  thus  far.  Arrangements  have  been  made  for  the  appli- 
cation of  copperas  and  lime,  with  the  view  to  seeing  if  such  treat- 
ment is  applicable  for  purposes  of  coagulation  under  the  existing 
local  conditions,  and,  if  so,  to  ascertain  the  cost,  as  compared  with 
sulphate  of  alumina. 
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Solutions  of  sulphate  of  alumina  have  usually  been  prepared  of 
2%  strength.  When  the  full  plant  is  in  operation  stronger  solutions 
will  be  used.  The  diluter  solutions  are  now  used  for  purposes  of 
securing  a  better  control  in  the  rate  of  application  with  the  devices 
in  hand. 

The  sulphate  of  alumina  is  obtained  from  the  Pennsylvania  Salt 
Manufacturing  Company,  and  costs  about  1  cent  per  pound.  It  con- 
tains no  free  sulphuric  acid,  practically  no  sediment,  and  about  11% 
of  water-soluble  aluminum  oxide,  with  traces  of  iron. 

Up  to  February  1st,  the  quantity  of  sulphate  of  alumina  applied  to 
the  river  water  averaged  1.30  grains  per  gallon.  Computed  from  the 
filtered  water,  the  quantity  was  1.36  grains  per  gallon.  The  range  in 
quantity  applied  was  from  0.29  to  2.01  grains,  depending  principally 
upon  the  amount  of  color  and  amorphous  matter  contained  in  the 
raw  river  water.  Some  evidence  of  the  relation  between  the  required 
amount  of  coagulant  and  the  removal  of  color,  bacteria,  etc.,  under 
different  conditions  is  indicated  further  on. 

Soda. — The  alkalinity  of  the  river  water  became  low,  as  compared 
with  that  necessary  for  the  decomposition  of  the  sulphate  of  alumina 
required  for  the  treatment  of  the  freshet  water,  during  the  latter  half 
of  December,  and  from  December  17th  to  30th,  inclusive,  there  was  - 
applied  a  solution  of  soda  ash,  ranging  in  quantity  from  0.16  to  0.63, 
and  averaging  0.49  grain  per  gallon.  During  this  period  there  were 
numerous  occasions  when  the  composition  of  the  river  water  changed 
quite  rapidly,  and  for  this  reason  it  was  considered  wise  to  apply  soda 
in  somewhat  larger  quantities  and  for  a  somewhat  longer  period  than 
would  appear  to  be  called  for  by  an  inspection  of  the  data  in  Table 
No.  4.  On  these  occasions  it  was  imperative  that  analyses  of  the  river 
water  be  made  from  time  to  time  throughout  the  entire  24  hours.  It 
was  the  endeavor  to  apply  soda  so  that  the  final  filtered  water  would 
at  all  times  contain  at  least  5  parts  per  million  of  alkalinity,  capable 
of  decomposing  more  than  }  grain  of  sulphate  of  alumina  per  gallon. 

Efficiency  of  Coagulating  Basin.— In  Table  No.  6  is  given  a  monthly 
summary  of  the  principal  constituents  of  the  river  water  before  and 
after  it  passed  through  the  coagulating  basin.  The  average  period  of 
coagulation  is  also  noted. 

Cleaning  the  Coagulating  Basin. — The  coagulating  basin  was  first 
cleaned  on  November  10th,  when  there  were  about  8  ft.  of  accumu- 
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lated  sediment  or  sludge  on  the  bottom.  This  was  removed  by 
draining  and  pumping  out  the  sludge  in  the  lower  portion  of  the 
basin,  river  water  being  applied  from  time  to  time  by  opening  the 
gates  at  the  bottom  of  the  stand-pipe  at  the  north  end.  The  sludge 
was  liquid  in  its  character,  so  that  it  formed  apparently  a  layer  of 
uniform  thickness  over  the  entire  bottom,  excepting  perhaps  over  a 
limited  area  near  the  inlet. 


TABLE   No.  6. — Summary  of  Kesults   Showing  the  Efficiency  of 

THE   COAGUIiATTNG   BASIN. 


Turbidity. 

nm  ob              Amorphous 
Color.        |       matter. 

i 

Bacteria. 

Month. 

£-3 

River 
water. 

Goag. 

basin 

eff. 

River 
water. 

Coag. 

basin 

eff. 

River 
water. 

Coag. 

basin 

eff. 

River 
water. 

Coag. 

basin 

eff. 

1902. 

September 

October 

November 

December 

1906. 
January 

Hours. 
8.1 
8.8 
8.2 
2.9 

2.8 

10 
6 
5 
7 

0 

6 
5 
4 
4 

5 

81 
52 
46 
44 

81 

20 
81 
28 
24 

21 

5  400 
8800 
8600 
5800 

4000 

8  900 

1  100 
280 
460 

200 

880 
80 
210 

115 

050 
1  100 
1  800 

1  700 

On  January  13th  the  coagulating  basin  was  again  cleaned  out,  and 
it  was  found  that  there  was  a  layer  of  sediment  about  5  ft.  in  thick- 
ness. The  character  of  this  sludge  was  examined  more  carefully  than 
on  the  former  occasion,  and,  from  numerous  samples,  it  was  found  to 
contain  about  87%  of  water  and  13%  of  dry  solids.  Of  the  latter, 
about  27%  was  found  to  be  aluminum  hydrate;  the  remainder  consisted 
of  the  various  matters  removed  from  the  river  water. 

There  was  some  decomposition  going  on  in  the  organic  matter  of 
the  sludge,  as  removed,  on  both  occasions,  particularly  in  November, 
as  indicated  by  the  odors  in  the  basin  during  cleaning.  There  was  no 
sign,  however,  of  such  decomposition  as  might  be  classed  as  a  septic 
action,  and  the  sediment  in  no  place  had  turned  black,  as  has  been 
noted  in  some  instances,  elsewhere. 

Method  of  Washing  the  Filters. — Numerous  studies  have  been  made 
as  to  the  best  rate  and  pressure  for  the  application  of  the  wash-water, 
and  also  the  application  of  air  for  purposes  of  agitation,  as  well  as  the 


194  FILTRATION  WOKK8.  [Paper* 

period  during:  washing  when  air  can  be  most  advantageously  applied. 
According  to  the  evidence  now  available,  the  best  procedure  is  to 
apply  air  at  the  commencement  of  the  washing  operation,  under  a 
pressure  of  3  lbs. ,  at  a  rate  of  about  20  to  25  galls,  of  free  air  per 
square  foot  of  filtering  surface  per  minute,  and  for  a  period  of  3 
minutes.  At  the  commencement  of  the  application  of  the  air  the 
water  in  the  filter  is  drawn  down  to  about  4  ins.  above  the  sand  layer, 
or  8  ins.  below  the  overflow  gutters.  This  is  necessary,  to  prevent 
loss  of  sand.  Next,  there  is  applied  filtered  water  under  a  pressure  of 
about  25  ft.,  measured  at  the  strainer  system,  at  a  rate  of  about  5) 
galls,  per  square  foot  per  minute,  equal  to  about  three-fourths  of  a 
vertical  foot  per  minute,  and  continued  until  the  wash- water,  as  it 
leaves  the  filters,  is  comparatively  clean,  and  sufficiently  so  to  enable 
the  moving  particles  of  sand  at  the  surface  of  the  layer  to  be  readily 
seen.  At  this  plant  the  wash- water  clears  in  quite  a  well-defined 
manner,  and,  with  a  little  practice,  the  attendants  have  no  difficulty 
in  determining  when  the  end  point  is  reached.  As  a  rule,  air  has 
been  applied  a  second  time  for  about  1  minute  during  each  washing, 
followed  by  the  application  of  wash-water,  to  remove  the  air  and  to 
clean  the  sand  to  the  same  point  as  above  described.  During  wash- 
ing, the  sand  layer  is  raised  about  3  ins.,  or  to  within  9  ins.  of  the  top 
of  the  overflow  gutter.  The  quantity  of  sand  lost  is  very  trifling. 
The  average  total  time  required  for  washing  a  filter  is  12  minutes. 

Percentage  of  Wash-  Water  Used. — The  quantity  of  wash- water  used 
is  estimated  from  the  duration  of  its  application,  and  numerous  obser- 
vations have  been  made  as  to  the  rate  of  delivery  of  the  wash- water 
pump,  with  the  rheostat  on  the  motor  set  at  different  points  and  for 
different  levels  of  water  in  the  clear- water  basin,  from  which  the 
wash-water  pump  takes  its  suction.  Further,  these  measurements  are 
checked  repeatedly  by  noting  the  rate  at  which  the  water  rises  in  the 
filter  tanks  and  also  in  a  measuring  tank  at  the  end  of  the  sewer  line 
into  which  the  discharged  wash-water  is  allowed  to  flow. 

Up  to  February  1st,  the  average  quantity  of  wash-water  used  for 
the  entire  plant  was  4.2%  of  the  water  treated. 

Comparisons  of  the  quantity  of  wash-water  required  for  the  so-called 
normal  filters,  those  of  coarse  and  fine  sand,  and  those  operated  at  high 
and  low  rates,  are  contained  in  Table  No.  7. 
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TABLE    No.   7. — Cohfabison    op   the    Quantity    op  Wash-Watbb 
Required  in  the  Case  of  Filters  Operated   under  Different 

Conditions. 

(Averages  for  20  weeks.) 


Kind  of  sand. 


Normal, 

Coarse. 
Fine.... 


Rate  of  filtration. 


(High... 

•J  Normal 

(Low.... 

Normal 

Normal 


Percentage  of  wash- 
water  required. 


8.8 
4.1 
4.4 
8.8 
4.4 


Period  of  Service. — The  period  of  service  of  the  Alters,  between 
washings,  depends,  of  course,  upon  the  character  of  the  water  as  it 
reaches  the  sand  layers,  and,  in  general,  may  be  said  to  bear  an  inverse 
relation  to  the  percentage  of  wash-water..  Up  to  February  1st,  the 
total  average  period  of  service  between  washings  of  the  filters  was  9.68 
hours.  The  ordinary  range  in  length  of  runs  of  the  filters  has  been 
from  about  6  to  18  hours. 


TABLE  No.  8. — Summary  of  Results  Showing  the  Effect  of  Air 
Agitation  During  the  Process  of  Washing. 


Normal  Filters. 

j  Filters  without  Air  Agitation. 

Month. 

Average  period 

of  service. 

Hours. 

Percentage  of 
wash-water. 

Average  period 

of  service. 

Hours. 

Percentage  of 
wash-water. 

September 

October 

8.16 
7.02 
10.61 
10.76 
14.81 

3.8 

4.5 
4.1 
4.1 
2.9 

9.19 
6.12 

4.2 
5.7 

November 

December 

-January. 

7.85                         5.8 

9.11           1              4.0 

!             12.29           1              2.7 

Effect  of  Air  Agitation. — Filters  Nos.  13  and  16,  without  exception, 
have  been  washed  without  the  application  of  air.  It  is  yet  too  soon  to 
discuss  comprehensively  the  value  of  the  air,  but  an  inspection  of  the 
sand  layers  of  these  two  filters  after  washing  shows  that  they  contain 
-  sufficiently  more  clogging  material  than  the  regular  filters  to  indicate 
that  the  air  is  of  benefit.  In  November  these  filters  gave  shorter  runs, 
and  required  more  wash-water,  than  the  so-called  normal  filters.     An 
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inspection  of  all  sand  layers,  at  that  time,  with  much  detail,  indicated 
that  there  was  some  fine  sand  accumulated  in  the  upper  quarter  of  an 
inch  of  the  majority  of  the  filters.  This  fine  sand  was  scraped  from 
the  surface  of  each  layer.  Following  that,  these  two  filters,  which 
received  no  air,  became  more  normal  in  their  operation,  as  regards  the 
period  of  service  and  percentage  of  wash- water.  The  data  thus  far 
obtained  upon  this  question  are  given  in  Table  No .  8,  showing  the 
average  length  of  service  and  percentage  of  wash-water  for  Nos.  2  and 
8,  normal  filters,  and  for  these  special  filters,  Nos.  13  and  16. 

Power  Required. — The  electric  horse-power  required  for  the  oper- 
ation of  each  of  the  various  devices  is  indicated  in  Table  No.  9. 

TABLE  No.  9. 

Electric  Horse-  Power  Required  to  Operate  the  Various  Devices. 

Motors  to  Operate.  HoiSftfwer. 

Wash- water  pump 75 

Blower 45 

Chemical  feed  pump 2 

Sludge  pump 40 

Soda  pump 1 

Main  shafting 10 

Effluent  gate-valve 5 

Removal  of  Bacteria. — The  thoroughness  with  which  the  bacteria  in 
the  raw  water  are  removed  by  these  filtration  works  depends  essen- 
tially upon  the  quantity  of  a  coagulant  applied. 

Table  No.  4  shows  the  evidence  in  the  form  of  daily  averages  from 
the  commencement  of  operations  to  date.  By  months,  the  bacterial 
results,  together  with  the  principal  information  related  thereto,  are 
shown  in  Table  No.  10. 

During  each  of  the  first  three  months  there  were  quite  a  number 
of  occasions  when  the  bacteria  in  the  filtered  water  were  somewhat 
numerous  ;  due,  practically  without  exception,  to  interruptions  in  the 
proper  rate  of  application  of  the  coagulant.  As  has  been  stated  already, 
this  was  due  largely  to  obstruction  in  the  suction  of  the  pumps  supply- 
ing the  orifice  tank,  in  most  instances  caused  by  splinters  from  the 
barrels  containing  the  sulphate  of  alumina,  and  by  foreign  matters,  such 
as  leaves  and  shavings,  getting  into  the  mixing  tanks.  During  this 
period,  when  the  men  were  being  trained  in  the  operation  of  the  plant, 
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there  were  several  times  when  these  interruptions  were  not  de- 
tected until  the  coagulating  basin  had  received  a  considerable  quan- 
tity of  river  water  insufficiently  charged  with  coagulant.  At  the 
present  time  these  matters  have  very  little  significance,  owing  to  the 
familiarity  with  their  work,  on  the  part  of  the  attendants,  the  use  of 
more  efficient  screens  to  keep  splinters  and  other  matters  from  the 
suction  of  the  pumps  and  the  orifice  tank,  to  the  gong  which  is  now 
rung  by  a  float  in  the  orifice  tank  whenever  the  solution  becomes  inter- 
rupted for  a  time  equivalent  to  less  than  1  minute's  regular  flow,  and 
to  the  measuring  cylinder  upon  the  chemical  feed  pipe,  enabling  more 
accurate  control  to  be  made  of  the  rate  of  application.  During  the 
month  of  December,  it  was  the  uniform  intention  to  secure  a  high 
degree  of  bacterial  efficiency  from  the  filters,  and  this  was  done,  with 
the  exception  that  the  samples  obtained  from  the  8th  to  the  10th  of 
December  were  affected  by  an  interruption  in  the  chemical  feed. 


TABLE     No.   10. — Bacterial   Results  and  Principal  Information 

Relating  Thereto. 

(Averages  by  Months). 


Month. 


1908. 
Sept. . . 
Oct.... 
Nov... 
Dec.... 

1008. 
Jan.... 


0.74 
1.69 
1.63 
1.70 

0.84 


Turbidity. 


COI^GR, 


31 


46 
44 


81 


20 
81 


84 
21 


Standard 

units  per 

cvhie  cent! 

meter. 


11 
7 

7 
5 


Amu  a-  < 

ttiTTEtt 


n 


1  100 
280 
450 

200 


I* 

is 

9 


Bacteria. 


Per  cubic  centi- 
meter. 


880 
80 
210 

115 


6  400 
8  800 
8  500 
5  800 

4  000 


3  000  190 

650  90 

1  100!  60 

1  800!  60 

1  700i  110 


I 


96.5 
97.6 
96.8 
99.1 

97.2 


Daring  the  month  of  January,  lower  quantities  of  coagulant  were 
used  intentionally,  with  the  view  to  seeing  the  efficiency  of  different 
ratios,  and,  with  the  uniform  rate  of  application  of  coagulant,  the 
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bacterial  res-alts  obtained  during  that  month  are  of  most  value  for  this 
particular  purpose. 

Removal  qf  Color. — It  has  been  found,  as  a  result  of  repeated 
examinations,  especially  in  noting  the  appearance  of  the  filtered  water 
in  a  large  porcelain-lined  bath-tub,  that  it  is  not  possible  for  a  con- 
sumer to  recognize  any  color  when  the  filtered  water  contains  10  parts 
per  million  or  less.  A  color  of  20  parts  is  also  practically  unnoticeable 
to  the  consumer.  These  works  have  been  operated  with  the  view  of 
keeping  the  color  below  10  parts.  It  has  been  found,  however,  that 
the  quantity  of  coagulant  necessary  to  reduce  it  to  that  point  is  prac- 
tically as  great  as  that  required  to  reduce  it  to  5  parts. 

Table  No.  11  shows  the  monthly  average  results  of  the  applied 
coagulant,  and  the  color  in  the  raw  and  filtered  water: 

TABLE  No.  11.—  Quantities  of  CoaquijANT  Applied. 
(Averages  by  Months.) 


Sulphate  of 

alumina. 

Grains  per 

gallon. 

Color. 

Month. 

River 
water. 

Filtered 
water. 

1908. 
September 

0.74 
1.59 
1.68 
1.70 

0.84 

81 
68 
46 
44 

81 

11 

October 

7 

November 

7 

December 

5 

1908. 
January , 

5 

Special  effort  is  being  made  to  secure  data  from  which  may  be 
deduced  certain  factors  indicating  the  quantity  of  coagulant  required 
for  the  proper  treatment  of  the  river  water  in  its  various  conditions. 
It  is  yet  too  soon  to  discuss  these  factors. 

Removal  qf  Turbidity. — As  noted  by  the  record  in  Table  No.  4,  the 
turbidity  of  the  filtered  water  usually  ranges  from  nothing  to  2  parts. 
Now  and  then  it  becomes  as  high  as  3  parts.  All  these  amounts  may 
be  properly  recorded  as  traces,  and  it  may  be  said  that  for  all  practical 
purposes  the  filtered  water  has  no  turbidity. 

Removal  of  Organic  Matter. — Based  on  the  average  results  given  in 
Table  No.  5,  the  removal  of  organic  matter  by  these  filters  is  shown 
in  Table  No.  12. 
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TABLE  No.  12.— Summary  Showing  the  Removal  of  Organic  Matter. 


Parts  per  Million. 

Percentage  of 

Organic  Mattep. 

Removed. 

1 

Nitrogen  as  albuminoid  ammonia.  |         Oxygen  consumed . 

Albumi- 
noid 
ammonia. 

Oxygen 
consumed. 

River  water. 

Filtered  water,  i  River  water.  |  Filtered  water. 

U.121 

0.075           !         6.8                        1.6 

38 

78 

Removed  of  Tastes  and  Odors, — The  Passaic  River  water  ordinarily 
has  a  slightly  musty  or  vegetable  odor,  and  at  times  during  the  autumn 
it  has  a  swampy  odor  which  is  noticeable  to  persons  unfamiliar  with 
the  water,  but  which  is  not  disagreeable,  and,  in  fact,  is  hardly  recog- 
nized by  those  familiar  with  surface  waters  from  swampy  areas.  The 
removal  of  tastes  and  odors  by  filtration  is  appreciable,  but  when  the 
swampy  odor  is  present  in  the  river  water  it  is  still  clearly  recogniza- 
ble in  the  filtered  water  on  careful  examination.  Studies  of  the  prac- 
ticability of  removing  it  by  aeration  have  been  made,  but  it  is  found 
that  this  is  unsuccessful,  as  the  odors  and  tastes  still  persist  after 
vigorous  aeration  for  some  10  to  12  hours.  The  tastes  and  odors  are 
evidently  produced  by  oily  substances  liberated  from  the  vegetable 
growths  in  the  swampy  areas,  and,  apparently,  could  be  removed  only 
by  nitration  through  charcoal,  by  ozonization,  or  by  intermittent  fil- 
tration through  sand  at  exceedingly  low  rates. 

Removal  of  Coagulant, — In  no  case  has  the  filtered  water  contained 
any  undecomposed  sulphate  of  alumina.  Regarding  the  removal  of  the 
aluminum  hydrate,  ordinarily  this  is  complete,  although  now  and  then 
the  numerous  analyses  made  indicate  that  faint  traces  of  the  hydrate 
in  a  very  fine  colloidal  form  have  appeared  in  the  filtered  water.  These 
traces  are  too  small  to  be  measured,  although,  in  a  general  way,  it 
may  be  said  that  there  are  times  when  it  would  probably  amount  to 
about  0.06  part  per  million,  equal  to  0.0035  grain  per  gallon.  The 
average  would  be  less  than  0.01  part  per  million,  corresponding  to  a 
removal  of  more  than  99%  of  the  hydrate  contained  in  the  raw  water. 
These  traces  are  gradually  diminishing  as  the  sand  layers  are  becom- 
ing "ripened." 

Changein  Hardness, — Table  No.  13  gives  a  comparison  of  the  average 
hardness  of  the  river  and  the  filtered  waters. 
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TABLE  No.  13. — Comparative  Habdness  of  the  River  and  Filtered 

Waters. 

Parts  per  Million. 


River  Water. 

Filtered  Water. 

Temporary. 
(Alkalinity.) 

Permanent. 

(Incru  sting 

constituents.) 

Total 
hardness. 

Temporary. 

Permanent. 

Total 
hardness. 

» 

IS 

85 

15 

19 

84 

Effective  Size  of  Sand  Grains. — The  principal  point  in  relation  to 
the  effective  size  of  the  sand  grains  is  the  importance  of  removing  the 
fine  particles  contained  in  the  sand.  The  specifications,  as  originally 
prepared,  are  none  too  severe.  The  effective  size,  within  the  range 
stated  (see  Table  No.  1),  and  under  the  local  conditions,  makes  no  ap- 
preciable difference  with  regard  to  the  quality  of  the  filtered  water, 
but  the  coarser  sands  allow  a  reduotion  in  the  percentage  of  wash- 
water  used,  as  shown  in  Table  No.  14. 


TABLE  No.   14. — Percentage  op  Wash- Water  Required  in  Filters 

Containing  Different  Kinds  of  Sand  Layers. 

(Average  for  20  weeks.) 


Kind  of  sand. 

Percentage  of  wash-water  required. 

Fine 

4.4 

Normal 

4.1 

Coarse 

8.8 

Effect  of  Rate  of  Filtration.  —The  rate  of  filtration,  as  far  as  the  quality 
of  the  filtered  water  is  concerned,  does  not  seem  to  be  a  factor  of  signifi- 
cance. If  the  applied  water  is  well  coagulated,  satisfactory  results 
will  follow  with  a  rate  of  nitration  at  least  as  high  as  185  000  000  galls, 
per  acre  per  24  hours,  and  with  an  inadequately  coagulated  water 
good  results  cannot  be  obtained  at  rates  of  80  000  000  galls,  per  acre 
per  24  hours,  or  much  less.  That  the  number  of  bacteria  in  the 
filtered  water  is  not  materially  affected  by  the  rate  of  nitration  is 
shown  by  Table  No.  15. 


Papers.] 


FILTRATION  WORKS. 


201 


TABLE  No.   15.—  Average  Resui/ts,  Showing  Removal  op  Bacteria 

bt  Filters  Operated  at  Different  Rates. 

(Averages  for  20  weeks.) 


Rate  of  Filtration. 

Bacteria  per  Cubic 
Centimeter. 

Percentage 
of  removal 
of  bacteria. 

Rate  of  filtration. 

Gallons  per  acre 
daily. 

Gallons  per 
square  foot 
per  minute. 

River 
water. 

Filtered 

water. 

High 

186  000  000 
126  000  000 
80  000  000 

8.0 
2.0 
1.2 

8500 
8600 
8600 

100 
90 
80 

97.1 

Normal...... .....  4 

97.4 

Low 

97.7 

The  more  recent  results,  obtained  after  the  sand  layers  became 
ripened,  show  no  appreciable  differences. 

Compared  with  the  normal  rate  of  125  000  000  galls,  the  high  and 
low  rates  affect  the  period  of  service  and  percentage  of  wash-water  as 
shown  in  Table  No.  16. 

TABLE  No.  16.— Average  Results  Showing  the  Effect  of  the  Rate 

of  Filtration  on  Period  of  Service  and  Percentage  of 

Wash-Watbb. 

(Average  for  20  weeks.) 


Rate  of  filtration. 


High... 
Normal 
Low  ... 


Period  of  service. 
Hours. 


7.62 
10.18 
12.96 


Volume  of  water 
filtered  per  run. 


470  000 
486  000 
868  000 


Percentage  of 
wash-water. 


8.8 

4.1 
4.4 


The  larger  yield  of  filtered  water  between  washings  by  the  high- 
rate  filters,  apparently,  is  explained  by  the  deeper  penetration  into  the 
sand  layers  of  matters  removed  from  the  water.  Regarding  the  per- 
centage of  wash-water,  the  actual  volume  of  water  required  per  filter 
for  cleaning  does  not  seem  to  be  exactly  proportional  to  the  amount 
of  accumulated  matters  in  the  sand  layer. 

Regarding  Costs. — It  is  not  feasible,  at  the  present  time,  to  discuss 
questions  of  cost  in  as  much  detail  as  might  be  desired.  However, 
information  upon  the  principal  items  in  the  operation  of  the  works  is 
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contained  in  the  foregoing  pages,  and  the  cost  of  construction  per 
million  gallons  of  nominal  daily  filtering  capacity  may  be  summarized 
as  follows : 

Coagulating  basin  and  clear-water  basin,   including  piping 

within  the  walls  and  grading  the  grounds $5  400 

Supply  and  suction  piping  outside  the  structures 800 

Filter  tanks,  including  covers 1  500 

Main  building  and  wings,  including  floors,  piers  and  entire 

superstructure,  except  the  last  item 2  000 

Filter  equipment,  complete,  including  machinery  within  the 

buildings 4  800 

Power  equipment  and  outside  wiring 800 

$15  300 

Acknowledgment. — in  closing,  the  writer  desires  to  record  his 
acknowledgments  to  J.  Waldo  Smith,  M.  Am.  Soc.  G.  E.,  under 
whose  direction  these  works  were  designed  and  built  and  are  operated, 
for  permission  to  make  use  of  the  data  embodied  in  this  paper. 
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Now  that  the  importance  of  keeping  the  velocity  of  sand  filtration 
constant,  and  below  a  given  maximum,  while  providing  the  means  of 
gradually  increasing  that  velocity  after  each  cleansing  of  the  sand 
surface,  has  come  to  be  universally  recognized,  it  has  occurred 
to  the  writer  that  a  short  paper  treating  on  the  various  forms 
of  module,  or  controller,  that  have  been  designed  with  this  object 
might  be  of  interest. 

Numerous  forms  of  semi-automatic  apparatus  of  this  description 
have  been  devised,  but  as,  under  the  law  of  the  survival  of  the  fittest, 
they  appear  to  be  doomed  to  speedy  extinction,  at  all  events  for  the 
purpose  in  view,  it  has  not  been  considered  expedient  to  include  any 
special  mention  of  them  herein. 

Before  proceeding  further,  it  may  be  well  to  point  out  the  require- 
ments which  an  apparatus  of  this  nature  should  fulfil.  They  are  two- 
fold: 

1st.— It  should  be  susceptible  of  adjustment  to  any  constant  dis- 
charge between  the  limits  zero  and  the  maximum  volume  required. 

Nor*,— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings  and,  when  finally  closed,  the  papers,  with  discussion 
in  full,  wfll  be  published  in  Transactions. 
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2d. — It  should  be  mechanically  simple,  and  of  a  durable  nature,  not 
requiring  skilled  attention. 

All  modules  that  have  been  designed  by,  or  have  come  to  the  notice 
of,  the  writer,  of  which  a  list  is  appended  in  Table  No.  1,  belong  to  one 
or  other  of  the  following  four  categories: 

1st. — A  weir  or  orifice,  whether  surface  or  submerged,  maintained 
under  a  constant  head  by  its  own  movement. 

2d.— A  fixed,  submerged  weir,  or  orifice,  kept  under  constant  re- 
lative head. 

3d. — A  governed  motor,  passing  a  constant  volume  at  a  constant 
velocity. 

4th. — A  submerged  orifice,  closed  automatically  in  such  ratio  to  the 
head  as  to  give  a  uniform  discharge. 

TABLE  No.  1. 
Description  of  Module.  Means  of  Varying  the  Discharge. 

1st  Categoby. 

1.  Surface  weir  supported  by  float 

at  constant  depth Submergence  variable. 

2.  Surface  weir,  as  above Width  of  weir  variable. 

3.  Submerged  weir,  as  above Submergence  variable. 

4.  Submerged  weir,  as  above Size  of  orifice  variable. 

5.  Floating  siphon Head  variable. 

6.  Floating  siphon Size  of  orifice  variable. 

2d  Categoby. 

7.  Balanced  valve,  keeping  pressure 

constant  on  orifice Pressure  variable. 

8.  Balanced  valve,  keeping  pressure 

constant  on  orifice Size  of  orifice  variable. 

9.  Head  on  submerged  weir  kept 

constant  by  relative  motion  of 
floats  on  up-  and  down-stream 

sides Head  variable. 

10.  Head  on  submerged  weir  kept 
constant  by  relative  motion  of 
floats  on  up-  and  down-stream 
sides Size  of  orifice  variable. 
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3d  Categoby. 

11.  Turbine    or    motor,   driven    by 

passing  water,  and  governed. Speed  variable. 

12.  Tnrbine    or    motor,   driven    by 

passing  water,  and  governed. Capacity  of  motor  variable. 

4th  Category. 

13.  Paraboloid  moved  in  orifice  by 

float Discharge  cannot  be  varied. 

14.  Disc  or  sphere  moved  in  para- 

boloidal  tube  by  float Discharge  cannot  be  varied. 

15.  Pendulous    obstruction    moved 

and  varied  by  velocity  of  pass- 
ing water Discharge  cannot  be  varied. 

16.  Flat,  cylindrical  or  other  shaped 

valve    with    uniform    motion 
derived  from  float,  but  with 

curved  orifice  or  orifices Variable,  in  the  latter  case   by 

closing  off  one  or  more  orifices. 

17.  Rectangular    aperture  or  aper- 

tures, in  flat  plate  or  cylindrical 
valve,  susceptible  of  two  rec- 
tilinear, or  rotary  and  vertical 
movements,    one    differential 
and  automatic;  the  other  ad- 
justable, to  vary  discharge. 
The  most  self-evident  forms  of  apparatus  for  attaining  the  end 
required  belong  to  the  first  class.     The  Glenfield  Jones,  a  simple 
surface- weir  variety,  is  illustrated  in  Fig.  1,  and  it  will  be  seen  that 
the  amount  of  discharge  is  regulated  by  varying  the  depth  of  submerg- 
ence of  the  weir.  This,  however,  is  an  imperfect  type,  as  friction  causes 
the  weir  to  be  more  or  less  submerged,  depending  on  whether  it  is 
floating  on  rising  or  falling  water,  and,  furthermore,  the  adjustment 
for  varying  the  discharge  is  cumbersome  and  inconvenient. 

A  better  arrangement  is  that  which  is  illustrated  in  Fig.  2,  in  which 
it  will  be  seen  that  the  substitution  of  a  submerged  form  of  weir 
reduces  greatly  the  error  due  to  friction,  since  difference  of  submer- 
sion has  less  effect.     The  adjustment  of  the  discharge  by  the  closure 
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of  orifices  is  not  only  simpler,  but  lends  itself  to  an  easy  method  of 
indicating,  on  a  graduated  dial,  the  rate  of  discharge,  seeing  that  the 
discharge  is  directly  proportional  to  the  amount  of  angular  move- 
ment of  the  inner  cylinder.  This  end  may  also  be  attained,  with  less 
friction,  by  the  pneumatic  device  illustrated  in  Fig.  3;  but  the  writer 
cannot  say  that  this  appears  to  him  to  be  a  hopeful  form,  on  account 
of  the  difficulty  of  keeping  the  upper  part  of  the  siphon  free  from 
air. 

To  the  second  category  belongs  the  constant-flow  valve  of  Profes- 
sor Fleming  Jenkins,  invented  in  1876,  of  which  Fig.  4  is  an  illustra- 
tion. 

A  simpler  form  has  been  illustrated  and  described*  by  Professor 
W.  R.  Burton. 

A  difficulty  encountered  when  trying  a  valve  of  this  form,  in  Buenos 
Ayres  some  years  ago,  was  the  blithering  set  up,  due  to  the  constant 
oscillation  of  the  valve  about  its  mean  position ;  but  this  could  doubt- 
less be  overcome  by  a  judicious  damping  arrangement. 

Fig.  5  illustrates  a  somewhat  different  type  of  apparatus  of  the 
same  class,  which  occurred  to  the  writer  on  reading  of  an  ingeniouB 
form  of  submerged  weir-gauge  constructed  by  Mr.  John  H.  Tudsbery- 
Turner  at  the  Yokohama  water-works. 

Class  3  needs  no  description,  nor  can  the  writer  call  to  mind  a 
single  case  in  which  this  principle  has  been  applied  in  practice. 

A  typical  example  of  Class  4  is  Juan  Ribera's  Spanish  module,  a 
form  of  which,  designed  by  the  late  Mr.  J.  F.  La  Trobe  Bateman  for 
the  City  of  Buenos  Ayres  Water- Works,  is  illustrated  in  Fig.  6.  This 
would  constitute  an  elegant  solution  of  the  problem,  did  the  appa- 
ratus fulfil  the  first  condition  laid  down.  Unfortunately,  it  does  not, 
as  it  is  not  susceptible  of  adjustment  for  varying  the  discharge  for 
which  it  was  designed;  the  popular  idea  that  the  discharge  may  be 
varied,  without  affecting  the  uniformity  of  the  flow,  by  an  initial  alter- 
ation in  the  position  of  the  cone  in  the  diaphragm,  being  a  delusion. 

Fig.  7  illustrates  Appold's  module,  the  action  of  which  depends  on 
the  dynamic  effect  due  to  variation  of  velocity.  It  is,  therefore,  neces- 
sarily inaccurate  ;  and,  furthermore,  is  not  susceptible  of  adjustment 
for  varying  the  discharge. 

What  the  writer  believes  to  be  an  original  form  of  module  occurred 
to  him  in  1893.     The  fundamental  principle  of  this  form  consists  in 
*  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  cxii,  p.  888. 
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the  closing  of  a  submerged  orifice,  or  orifices,  in  two  distinct  direc- 
tions, one  automatic  and  differential,  the  other  by  hand  to  set  to  the 
discharge  required.  Fig.  8  shows  the  form  in  which  the  idea  first 
occurred  to  the  writer.  It  will  be  seen  that  the  apparatus  consists  of  two 
almost  touching  concentric  cylinders,  on  opposite  quadrants  of  each 
of  which  are  cut  two  similar  rectangular  apertures,  each  occupying  a 
little  less  than  90°  of  the  circumference.  The  amount  of  opening  is 
varied  by  the  float,  which  causes  the  inner  cylinder  to  rotate  in  the 
ratio  of  the  square  root  of  the  head  to  which  they  are  exposed.  This 
is  effected  by  means  of  a  differential  screw,  planted  or  cut  on  the 
hollow  central  shaft,  the  development  of  which  is  part  of  a  parabola. 
Fig.  9,  which  has  already  appeared  in  the  correspondence  on  the  City 
of  Buenos  Ayres  Sanitary  Improvement  Works,*  is  the  form  which,  for 
constructional  reasons,  best  pleased  the  then  Engineer  in  Chief  of 
those  works,  Mr.  Charles  Nystromer. 

It  will  be  observed  that  the  order  of  movements  is  the  reverse  of 
that  which  occurs  in  the  first  form,  and  that  a  cam  has  been  substi- 
tuted for  the  differential  screw.  It  should  be  pointed  out,  however, 
that  this  arrangement,  besides  entailing  greater  mechanical  complica- 
tion, labors  under  the  disadvantage  of  having  more  moving  parts 
under  water. 

The  form  illustrated  in  Fig.  8  is  not  theoretically  perfect,  as  in  the 
adjustment  for  discharge  the  differential  screw  is  lowered  or  raised  in 
the  guides  of  the  float  a  distance  twice  as  great  as  that  traversed  by 
the  centroid  of  the  apertures.  Although  this  error,  in  all  ordinary 
cases,  is  so  small  as  to  be  negligible,  it  may  be  eliminated  by  either  of 
the  devices  illustrated  in  Figs.  10  and  11;  in  the  former  by  closing  the 
orifices  concentrically,  in  the  latter  by  preserving  constant  the  relative 
positions  of  the  screw  and  of  the  centroid  of  the  apertures. 

As  a  matter  of  fact,  however,  the  writer  does  not  esteem  these 
devices  to  be  a  real  improvement  on  Fig.  8,  which  is  his  favorite  form, 
since  they  entail  greater  complication,  and  inevitably  give  rise  to  an 
increase  of  friction. 

As  it  may  be  objected  that  these  modules  would  necessitate  tedious 
calculation  and  difficult  shop  work,  in  the  shaping  of  the  differential 
screw  to  meet  each  special  case  of  change  in  the  maximum  and  mini- 
mum depth  of  orifice,  or  range  of  water  level,  it  may  be  pointed  oat 
*  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  cxxiv,  p.  88. 
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that  it  would  suffice  to  draw  out,  once  for  all,  the  development  of  the 
screw  (which  is  a  parabola,  having  its  vertex  at  the  center  of  the  aper- 
ture), and  take  that  portion  of  it  comprised  between  the  maximum 
and  minimum  water  levels  of  the  special  case  under  consideration.  It 
will  thus  be  seen  that  the  construction  of  these  modules  is  no  more 
difficult  than  that  of  ordinary  sluice-valves,  and  that,  therefore,  they 
can  be  manufactured  and  stocked  like  any  other  ironwork. 

In  conclusion,  the  writer  hopes  that  the  foregoing  brief  analysis  of 
the  various  forms  of  automatic  module  which  have  come  under  his 
notice,  or  which  he  has  evolved,  may  be  found  useful  by  members  of 
the  profession,  when  designing  apparatus  of  a  like  nature. 
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NOTE  ON  THE  COEFFICIENT  OF  ELASTICITY  OF 

CONCRETE  AND  MORTAR  BEAMS 

DURING  FLEXURE.* 


By  Myron  S.  Falk,  Jun.  Am.  Soc.  C.  E. 


A  correct  knowledge  of  the  value  of  the  coefficient  of  elasticity  in 
the  case  of  the  flexure  of  steel-concrete,  concrete  or  mortar  beams  is  a 
matter  of  the  greatest  importance  in  the  designing  of  beams  of  this 
character.  The  following  notes  give  the  results  for  concrete  and 
mortar  beams  tested  to  the  point  of  failure,  and  are  perhaps  of  more 
than  ordinary  value  on  account  of  the  age  of  the  beams  tested. 

These  beams  were  square  in  cross-section,  measuring  approximately 
4  ins.  on  each  side,  and  were  about  38  ins.  long.  They  were  first 
broken  by  weights  applied  at  the  center  of  36-in.  spans,  and  then  each 
half  of  the  broken  beam  was  again  broken  by  weights  applied  at  the 
center  of  16- in.  spans.  The  beams  were  made,  during  the  summer  and 
fall  of  1895,  by  Mr.  Adolph  Black,  Instructor  of  Civil  Engineering  in 
Columbia  University,  and  were  tested  by  the  writer,  in  the  Mechanical 
Laboratory  of  that  University,  on  an  Emery  testing  machine,  in 
November,  1902. 

The  beams  were  four  in  number.  Two  were  of  gravel-concrete  and 

two  of  mortar.     Table  No.  1  shows  the  ratio  of  gravel  and  sand  to 

*  This  paper  will  not  be  presented  for  discussion  at  any  meeting,  but  its  discussion 
may  be  called  up  at  any  time,  and  written  communications  on  the  subject  are  invited 
for  presentation  to  the  Society  and  for  subsequent  publication. 
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cement.  The  sand  used  was  from  Cow  Bay,  Long  Island.  It  was 
sharp  and  clean,  being  entirely  free  from  loam  and  organic  matter. 
The  gravel  nsed  was  rounded,  and  varied  in  diameter  from  J  in.  to  2 J 
ins.  It  was  well  washed  before  being  used.  Three  kinds  of  oement 
were  used,  as  shown  by  the  table.  The  usual  cement  tests  showed 
that  the  cement  was  standard  in  quality.  The  material  was  watered 
to  such  a  consistency  that,  when  solidly  rammed  in  the  moulds,  water 
flushed  the  surface  slightly.  The  material  was  allowed  to  remain  in 
the  moulds  for  3  days,  and  it  set  in  the  air;  during  the  first  year  the 
bars  were  watered  at  intervals  of  10  days  or  two  weeks;  during  the 
second  year  they  were  watered  at  intervals  of  about  two  months,  and 
after  that  very  intermittently.  The  bars  were  never  exposed  to  the 
weather,  being  kept  during  the  entire  time  under  cover,  in  the  basement 
of  one  of  the  University  buildings.  The  deflections  during  the  test 
were  measured  by  a  lever  deflect ometer,  reading,  by  means  of  a  vernier, 
to  the  thousandth  part  of  an  inch.  The  instrument  was  examined  for 
errors  before  and  after  the  tests,  and  was  found  to  be  correct  for  the 
range  of  readings  used. 

Table  No.  1. 


Bar. 

Age,  in 

sr, 

years. 

inches. 

A 

7.4 

96 

Ax 

7.4 

16 

A% 

7.4 

16 

B 

7 

86 

Bx 

7 

16 

B, 

7 

16 

C 

7 

86 

c, 

7 

16 

ci 

7 

16 

D 

7.8 

86 

»i 

7.8 

16 

d\ 

7.8 

16 

Section  of  Bab, 
in  Inchvs. 


Depth. 

Width. 

4.18 

4.06 

4.12 

4.06 

4.12 

4.06 

4.12 

4.00 

4.12 

4.00 

4.12 

4.00 

4.12 

4.05 

4.12 

4.06 

4.12 

4.06 

4.10 

4.15 

4.10 

4.16 

4.10 

4.15 

Coefficient  of 

elasticity,  in 

pounds  per 

square  inch. 


1  591  000 

1  102  000 

2  122  000 
2  440  000 
1  220  000 
1  815  000 

387  000 

1  028  000 

1  165  000 

597  000 

597  000 


Extreme  fiber 

stress,  in 

pounds  per 

square  inch. 


278 
815 
006 
686 
580 
247 
229 
208 
294 
415 
846 


Bars  .4  =  1  Aalborg  cement,  2  sand  and  4  gravel. 
"     B  =  1  Atlas  cement  and  8  sand. 
"     C  =  1  Alsen  cement,  8  sand  and  5  gravel. 
"    D  =  1  Alsen  cement  and  2  Band. 


The  loads  were  applied  at  the  intervals  shown  graphically  on  the 
diagrams.  At  different  times  the  load  was  entirely  removed  in  order 
that  readings  for  the  permanent  deflections  might  be  obtained.  The 
readings  were  ail  taken  about  15  seconds  after  the  application  or 
removal  of  the  loads. 
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As  shown  by  the  diagrams,  the  strain  of  deflection  consisted  of  two 
parts,  one  part  apparently  permanent  and  one  part  elastic,  the  latter 
disappearing  upon  the  removal  of  the  load.  This  is  shown  on  the 
diagram  for  any  one  beam  by  the  use  of  the  same  letter  and  subscript 
on  two  corresponding  or  mutually  related  curves. 

The  coefficient  of  elasticity  was  computed  by  using  the  difference 
between  the  two  deflections  thus  found;  in  other  words,  the  elastic 
deflection  was  used.  This  deflection  was  found  to  vary  almost  exactly 
as  the  center  load,  and  could  be  represented  by  a  straight  line;  no 
coefficient  ef  elasticity  was  computed  for  a  center  loading  of  less  than 
200  lbs. 

The  table  also  gives  the  values  of  the  extreme  fiber  stress  in  the 
beam  at  the  instant  of  rupture,  the  weight  of  the  beam  being  allowed 
for  in  the  computations.  These  values  agree,  with  one  or  two  excep- 
tions, with  the  results  obtained  by  other  experimenters.  An  attempt 
was  also  made,  using  4-in.  cubes  dressed  from  this  material,  to  obtain 
a  value  for  the  coefficient  of  elasticity  of  concrete  in  compression. 
The  blocks,  however,  were  too  small  to  permit  of  readings  being 
taken  directly  from  the  sides  of  the  specimen,  and  it  was  found  that 
there  was  too  much  lost  motion  to  permit  of  measurements  being  taken 
between  the  heads  of  the  testing  machine.  The  attempt  to  find  these 
values  was  therefore  abandoned.  The  ultimate  resistance  to  com- 
pression of  these  cubes,  when  tested  with  plaster  of  paris  beds,  varied 
from  7  000  to  9  000  lbs.  per  square  inch. 
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THE    SANITARY    DISPOSAL    OF    MUNICIPAL 
REFUSE. 

An  Informal  Discussion.* 


By  Messrs.  Myron  S.  Falk,  M.  N.  Baker,  W.  J.  Baij>win  and 
H.  de  13.  Parsons. 


Presented  at  the  Meetings  op  December  17th,  1902,  and 
January  7th,  1903. 


Mr.  Falk.  Myron  S.  Falk,  Jun.  Am.  Soc.  C.  E.  (by  letter).—  Many  and  various 
have  been  the  methods  proposed  for  the  sanitary  disposal  of  municipal 
refuse.  The  complete  destruction  of  the  material,  by  means  of  heat 
generated  by  itself  or  by  the  aid  of  heat  supplied  from  extraneous 
sources,  has  been  the  method  most  advocated.  The  first  case  brings 
into  consideration  the  hope  that  power  may  be  obtained  from  this 
waste  material  at  the  time  of  its  destruction.  In  relation  to  this,  and 
during  this  discussion,  the  plan  of  producing  gas,  and  thus,  indirectly, 
power,  immediately  from  municipal  wastes  has  not  been  considered ; 
it  is  possible  that  mature  reflection  may  reveal  great  inherent  advan- 
tages to  be  derived  from  this  method  of  disposal. 

In  the  production  of  gas,  as  is  well  known,  water  in  the  form  of 
steam  is  added  to  the  gases  produced  from  the  destructive  distillation 
of  coal.  It  seems  not  at  all  unreasonable,  therefore,  in  view  of  the 
large  percentage  of  moisture  contained  in  garbage,  to  expect  that  the 
introduction  of  garbage  into  a  gas  producer  may  not  only  be  a  direct 
saving  in  the  fuel  required,  but  may  also  obviate  the  necessity  of 
adding  live  steam.  It  is  true  that,  in  the  ordinary  case  of  gas  produc- 
*  Continued  from  the  Proceedings  for  January,  1909. 
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tion,  it  is  steam  and  not  wet  fuel  which  is  added,  but  it  is  not  tin-  Mr.  Faik. 
reasonable  to  expect  that  some  method  can  be  devised  by  which  gar- 
bage may  be  placed  in  the  producer  at  such  times  and  in  such  a 
manner  that  its  contained  water  may  replace  the  water  which  must 
ordinarily  be  added.  There  is  but  little  cause  to  doubt  that  such  a 
plan  may  be  put  in  successful  operation,  and  it  certainly  seems  to 
offer  as  great  a  possibility  of  obtaining  power  from  wastes  as  any 
other  plan  heretofore  proposed. 

M.  N.  Baker,  Esq. — It  is  very  evident  from  the  discussions  that  Mr.  Baker, 
refuse  disposal  is  a  distinctively  engineering  problem ;  but,  thus  far,  in 
America,  it  has  rarely  been  recognized  as  such.  It  is  to  be  hoped 
that  the  time  is  coming — in  fact,  that  it  has  arrived — when  there  will 
be  a  much  needed  change,  in  this  respect.  There  are,  in  this  country, 
connected  with  the  various  companies  who  are  building  garbage 
furnaces  or  who  are  establishing  reduction  plants,  comparatively  few 
engineers  engaged  in  the  work. 

It  is  a  significant  fact  that,  whereas  our  municipalities  call  in 
eminent  engineers  and  spend  money  unstintedly  for  water  supply  and 
sewerage,  only  on  one  or  two  occasions  have  they  called  in  an  engi- 
neer to  advise  them  in  the  matter  of  garbage  disposal,  and  as  far  as 
entrusting  to  an  engineer  the  whole  problem  of  refuse  collection  and 
disposal  it  is  doubtful  whether  a  single  instance  could  be  named. 

There  is  the  valuable  report  on  the  Trenton  investigation,  men- 
tioned by  Mr.  Horton,  but  it  is  yet  to  be  heard  that  there  have  been 
any  decided  practical  results  from  it.  But,  at  Trenton,  no  engineer 
was  called  upon  until  after  several  years  of  blundering  upon  the 
subject;  and,  bad  as  Trenton  is,  as  an  example  of  neglect  in  this 
respect,  it  still  remains  a  shining  example  of  almost  the  only  city  in 
the  country  that  has  secured  any  engineering  advice  whatever. 

One  of  the  cities  to  adopt  garbage  cremation  recently  is  Milwaukee. 
The  contract  for  installing  the  furnaces  provided  that  the  contractor 
should  guarantee  that  they  could  be  operated  with  eighteen  men,  but 
it  is  stated  that  there  are  79  or  80  on  the  pay  roll  at  the  present 
time.  It  is  claimed  that  this  is  no  fault  of  the  furnaces,  being  a  mere 
matter  of  affording  employment  to  municipal  laborers;  but,  however 
that  may  be,  it  serves  as  an  illustration  of  the  unsatisfactory  condition 
of  garbage  disposal  in  this  country,  and  of  the  need  of  employing 
engineers  to  design  and  operate  garbage  disposal  works. 

The  low  temperature  in  the  Trenton  furnaces  is  remarkable.  In 
recent  English  installations  the  aim  is  to  get  as  nearly  as  possible  to 
a  temperature  of  1  800  or  2  000°  Fahr.  instead  of  800  to  1  000  degrees. 

Some  interesting  letters  have  appeared  recently  in  the  London 
Electrician — letters  brought  out  by  a  paper*  by  W.  F.  Goodrich,  Assoc. 

*  "Electricity  from  Refuse— The  Case  for  the  Modern  Destructor."  A  paper  read 
before  the  Manchester  Local  Section  of  the  Institution  of  Electrical  Engineers,  and 
published  in  abstract  in  Th*  Electrician  for  November  28th,  1902.  The  letters  mentioned 
appeared  in  the  issues  of  the  same  journal  for  December  5th  and  19th.  1902. 
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Mr.  Baker.  Inst.  Mech.  E.,  on  a  combination  of  refuse  destructors  (as  they  call 
them  in  England)  and  electricity  works.  Several  of  the  writers  of 
these  letters,  men  in  some  instances  who  are  operating  combined 
refuse  destructors  and  electricity  works,  have  expressed  themselves 
strongly  in  opposition  to  such  a  combination.  Certainly,  such  oppo- 
sition is  a  significant  fact,  and  one  that  should  be  considered  very 
carefully  at  the  inception  of  garbage  disposal  as  an  engineering 
problem  in  this  country. 

Thus  far  in  the  discussion,  comparatively  little  has  been  said 
regarding  reduction  as  a  means  of  garbage  disposal.  To  present  the 
subject  fairly  would  take  a  large  amount  of  time,  but  attention  may 
be  called  to  a  fact  which,  perhaps,  has  already  been  mentioned,  but 
only  incidentally,  that  in  all,  or  nearly  all,  the  larger  cities  of  the 
United  States,  which  have  any  improved  means  of  garbage  disposal 
whatever,  reduction  is  being  used,  and  scarcely  any  of  them  are  using 
cremation. 


TABLE  No.  1. — Cities  of  the  United  States,  Having  Populations 
of  200  000  or  Moke,  Where  Improved  Methods  of  Garbage  Disposal 

Are  Used. 

Improved  means 
Population.  of  disposal. 

New  York 3  437  202. . .  .Reduction. 

Chicago 1  698  575. . .  .None.* 

.  Philadelphia 1  293  697 Reduction. 

St.  Louis 575  238  . .  .Reduction. 

Boston 560  892 Reduction. 

Baltimore 606  957 ...  .  None.f 

Cleveland 381  768 Reduction. 

Buffalo , 352  387. . .  .Reduction. 

San  Francisco 342  782 Cremation. 

Cincinnati 325  902 Reduction. 

Pittsburg. 321  615. . .  .Reduction. 

New  Orleans 287  104. . .  .None. 

Detroit 285  704. .  .  .Reduction. 

Milwaukee 285  315 ....  Cremation. 

District  of  Columbia 278  718 Reduction. 

Newark 246  070. . .  .None.* 

Jersey  City 206  433. .  .  .None. 

Louisville 204  731 ....  Cremation. 

Minneapolis 202  718 Cremation. 

This  does  not  necessarily  imply  that  reduction  in  this  country  has 

been  eminently  successful  and  cremation  has  been  a  failure,  but  the 

figures  do  show  that  reduction  is  at  least  worthy  of  serious  attention. 

*  A  small  quantity  of  garbage  is,  or  has  been,  cremated. 

t  Contract  awarded,  with  the  understanding  that  reduction  will  be  used. 
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All  the  redaction  plants  are  in  the  hands  of  private  companies,  and  Mr  Baker, 
comparatively  little  satisfactory  information  regarding  their  financial 
success  is  available.  Possibly  before  this  discussion  is  closed  it  might 
be  feasible  to  bring  out  some  detailed  information  from  persons  fami- 
liar with  reduction  systems.  Unquestionably,  such  information  would 
add  very  materially  to  the  value  of  this  discussion,  in  which  the  many 
large  reduction  plants  of  the  country  have  been  virtually  ignored. 

Statistics,  collected  by  the  speaker  for  his  "  Municipal  Year  Book," 
and  revised  to  date,  show  that,  of  the  nineteen  cities  (Table  No.  1)  of 
the  United  States  having  populations  of  200  000  inhabitants  or  more 
in  1900,  fourteen  have  some  improved  means  of  disposal,  and,  of  these 
fourteen,  ten  depend  on  reduction  and  four  on  cremation.  In  addi- 
tion, two  other  places  have  awarded  contracts  for  final  disposal,  with 
the  understanding  that  reduction  will  be  used.  Even  if  the  list  be 
extended  to  include  places  of  100  000  inhabitants  or  more,  having  im- 
proved means  of  disposal,  there  are  but  six  with  furnaces  to  fourteen 
with  reduction  plants,  or  sixteen  of  the  latter  if  plants  under  contract 
are  included.  Taking  into  consideration  all  places  of  3  000  population 
and  more,  there  were,  in  1902,  a  total  of  74  crematories  and  22  reduction 
works,  all  but  three  of  the  latter  being  in  places  of  more  than  40  000 
population.  Reduction  is  generally  held  to  be  impracticable  in  small 
cities,  but  the  figures  given  show  that  in  the  United  States  that  system 
prevails  wherever  it  is  feasible. 

W.  J.   Baldwin,  M.Am.  Soc.  C.  E. —The  speaker  is  wholly  unpre- Mr.  Baldwin, 
pared  to  talk  on  the  subject  of  garbage  cremation,  for  the  reason  that 
such  cremation  as  he  has  been  doing  has  been  in  another  direction, 
viz. ,  either  hospital  refuse  destruction,  or  waste  fuel  utilization. 

Mr.  Soper  has  suggested  the  matter  of  snow  melting.  There  is  a 
great  deal  of  fun  in  the  subject  of  snow  melting,  and,  were  it  not  that 
reference  to  it  had  been  made,  the  speaker  might  refrain  from  alluding 
to  it.  The  subject  is  very  old,  and  should  be  well  understood  by 
engineers;  still,  it  comes  up,  as  in  the  present  instance. 

When  Inspector  Williams  was  made  Commissioner  of  Street  Clean- 
ing of  New  York  City,  the  Sun  asked  why  he  could  not  melt  the  snow 
off  the  streets  over  night,  and  not  leave  it  to  be  shovelled  and  carted 
when  the  contractor  got  ready;  and  suggested  the  use  of  the  fire 
engines  of  New  York  for  this  purpose.  Of  course,  a  technical  paper 
would  hardly  propose  such  a  thing,  but  Inspector  Williams  was 
exercised  so  much  that  he  asked  the  speaker  if  there  was  anything  in 
the  suggestion.  The  speaker  went  to  Professor  Draper,  of  the  Mete- 
orological Department,  and  ascertained  the  amount  of  the  snowfall 
for  a  certain  Btorm  in  New  York  City,  and  then  calculated  the  street 
areas,  not  including  the  housetops  or  back  yards.  A  computation 
showed  that  it  would  take  all  the  fire  engines  in  New  York  City,  run- 
ning day  and  night,  three  years  to  burn  coal  sufficient  to  melt  that 
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Mr.  Baldwin,  snowfall;  that  there  would  be  90  000  tons  of  coal  to  haul,  and  20  000 
loads  of  ashes  left  to  cart  away.  The  Sun  would  not  publish  this 
information,  but  it  appeared  in  The  American  Machinist.  Later,  an 
experiment  was  made  by  Mr.  Waring,  in  melting  snow,  in  a  manhole 
in  the  street,  with  a  coil  of  pipe  and  a  boiler,  which  showed  the 
futility  of  such  methods. 

Experiences  similar  to  these — steam-heated  snow-ploughs,  etc. — 
'  should  set  at  rest  the  question  of  melting  the  snow,  especially  with 
steam,  or  even  with  direct  fire.  The  computations  were  made  on  the 
supposition  that  all  the  steam  generated  could  be  brought  in  contact 
with  the  snow;  but,  as  a  matter  of  fact,  in  trying  to  melt  snow  by  any 
kind  of  pans,  or  by  blowing  steam  through  it,  probably  not  10%  of 
the  steam  would  come  in  contact  with  the  snow,  and,  in  consequence, 
it  would  blow  away.  Again,  evaporation  will  take  heat  not  required 
for  melting.  It  requires  142  B.  T.  U.  to  melt  1  lb.  of  snow  from  snow 
at  32°  to  water  at  32° ;  but  it  requires  more  heat  when  the  snow  has  a 
temperature  of  zero,  additional  heat  to  warm  the  water  so  that  it  will 
not  freeze  in  running  off,  and  heat — a  great  deal  of  heat— to  vaporize 
the  proportion  of  the  water  that  will  be  vaporized. . 

In  regard  to  particles,  or  sparks,  that  appear  at  the  head  of  a 
chimney  of  a  crematory,  especially  at  night,  they  always  appear  as 
though  they  were  luminous  from  heat,  but  investigation  has  proved 
that  they  were  not  always  so;  that  immediately  over  the  chimney  these 
particles  reflected  the  light  of  the  chimney,  and  even  when  they 
passed  a  long  distance — probably  20  ft.  outside  of  the  axis  of  the 
chimney — they  would  look  as  if  they  were  afire;  whereas,  as  a  matter 
of  fact,  it  was  only  the  reflected  light  from  the  chimney.  In  an  inves- 
tigation leading  to  a  determination  of  how  far  the  sparks  might  fly,  it 
was  found  that  they  were  not  actually  sparks  at  all. 

Again,  there  is  the  question  of  what  might  be  done  in  the  way  of 
quenching  sparks,  assuming  that  they  are  sparks.  With  a  chimney 
100  ft.  high,  and  having  1  000°  of  heat,  there  is  a  considerable  upward 
push,  which  might  be  represented  by  2  or  3  ins.  of  water  pressure,  and 
it  is  possible  that  something  might  be  arranged  at  the  top  of  such  a 
chimnoy  by  which  the  sparks,  smoke  and  gases  could  be  given  a  slight 
dip  into  a  water  tank  and  thereby  cooled. 

Mr.  Parsons  has  said  that  he  thought  this  crematory  or  de- 
structor could  be  made  to  operate  without  extra  fuel.  The  speaker 
does  not  think  this  would  be  possible,  as  there  is  more  than  80%  of 
water  in  the  vegetable  and  animal  matter  in  garbage.  A  cabbage  will 
contain  more;  and  all  ordinary  albuminous  compounds — meats  and 
other  refuse— contain  so  much  water  that  the  speaker  cannot  see  how 
it  is  possible  to  do  without  the  use  of  some  fuel.  Mr.  Hering  says  that 
the  water  is  evaporated  first,  or  that  the  moisture  is  drained  off  in 
channels  before  the  garbage  is  put  upon  the  fire,  and  is  then  mixed 
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with  a  large  quantity  of  dry  refuse— wood,  straw,  paper,  etc.— and  Mr.  Baldwin, 
also  a  large  quantity  of  unburaed  coal. 

In  that  case,  the  solution  seems  to  be  that  there  is  enough  carbon 
present  to  evaporate  the  water,  but  still,  in  many  cases,  there  is  a 
great  deal  of  water  after  the  ordinary  draining  and  drying  is  done. 
An  ordinary  dry  cabbage  contains  80%  of  water,  and  the  water  is  very 
hard  to  destroy,  but,  of  course,  it  is  necessary  to  take  all  the  material 
that  comes  from  hotels  and  from  kitchens,  as  that  is  what  is  to  be 
destroyed.  Now,  the  speaker  is  satisfied  that  what  is  collected  in 
separate  receptacles  as  garbage,  in  New  York  City,  would  contain 
80%  of  water  which  would  not  run  out  by  gravitation,  and  that  about 
10%  of  the  original  would  have  to  be  good  carbon  in  order  to  evaporate 
the  contained  water. 

The  speaker  would  like  to  see  an  apparatus  which  will  burn  the 
ordinary  garbage  and  admixture  with  dry  refuse,  or  even  with  ashes. 
The  ashes  from  an  ordinary  engineer's  department  amount  to  about 
20%,  by  weight,  of  the  coal  put  in  the  furnace,  but  in  those  ashes  there 
is  not  2%  of  coal.  Now,  there  may  be  wood  enough,  in  some  cases, 
but,  even  in  New  York  City,  where  will  the  necessary  quantity  come 
from? 

The  speaker  can  show  drawings  and  furnaces  constructed  for 
special  work — not  primarily  for  destroying  garbage,  except  in  a  gen- 
eral way — but  is  interested  in  the  construction  of  crematories,  and 
would  like  to  know  more  about  the  way  to  construct  a  furnace  and 
get  along  without  a  primary  fire  and  the  addition  of  fuel. 

Another  point  about  cremating  garbage,  and  the  utilization  of  the 
heat  therefrom  under  boilers,  is  the  formation  of  various  vapors,  or 
gases,  which  are  partially  condensable  when  they  strike  the  heating 
surface  of  a  boiler.  They  may  contain  acids  which  will  injure  the 
boiler  tubes  to  a  considerable  extent;  and,  in  Europe,  where  they 
utilize  the  heat  under  boilers,  presumably,  the  boilers  are  of  a  very 
simple  type.  It  would  be  well  for  anyone  who  desires  to  utilize  the 
heat  from  garbage  and  general  refuse  crematories  to  study  the  effect 
of  such  gases  on  the  small  tube  boilers  used  so  extensively  in  America. 

H.  dbB.  Pabsons,  M.  Am.  Soc.  C.  E.— The  problem  before  a  City  Mr.  Parsons. 
Commissioner,  to  dispose  of  the  refuse  of  a  municipality,  is  not  always 
a  scientific  one.  Usually,  he  has  to  face  a  practical  problem.  In  New 
York  City,  the  fault  is  due  to  the  form  of  government  and  the  contract 
system  now  in  vogue.  As  a  change  cannot  be  made  quickly,  one  has 
to  do  the  best  he  can. 

The  scientific  treatments  of  the  wastes  of  a  municipality  are  fairly 
well  understood.  The  question  is  one  of  engineering;  and  an  engineer 
who  is  willing  to  study  the  problem  can  dispose  of  those  wastes  in  » 
manner  which  will  be  sanitary,  provided,  of  course,  that  the  munici- 
pality will  give  him,  or  will  give  the  Commissioner,  the  money  to  carry 
out  his  plans. 
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Mr.  Parsons.  The  wastes  are  being  disposed  of  in  Europe  in  a  more  scientific 
manner  than  in  this  country.  The  reason,  probably,  is  that  action  was 
taken  in  America  without  previous  scientific  study.  In  Europe,  they 
started  with  cremation.  In  America,  they  followed  with  cremation; 
but,  as  the  cremation  system  adopted  was  false,  failure  folio  wed,. and, 
in  many  localities,  public  sentiment  was  set  against  it.  This  has  been 
probably  the  chief  reason  that  cremation  is  not  more  generally  adopted 
on  this  side  of  the  Atlantic. 

In  Europe,  the  collections  are  made  and  brought  to  a  destructor, 
where  they  are  cremated ;  and,  in  the  most  successful  plants,  they  are 
cremated  without  the  use  of  any  fuel  whatsoever,  beyond  the  fuel  sup- 
plied in  the  garbage  and  by  the  other  wastes.  Each  collection  district 
differs  in  the  amount  and  character  of  its  refuse,  but  there  is  sufficient 
combustible  material  collected  which,  when  mixed  with  the  garbage, 
will  make  it  burn  in  a  satisfactory  manner. 

The  object  sought,  in  the  most  successful  plants,  is  to  produce  a  high 
temperature;  and  a  plant  that  will  not  produce  a  high  temperature  is 
not  considered  successful. 

An  incinerator  or  crematory,  as  the  destructors  are  called  in  this 
country,  which  has  to  have  a  fume  or  stench  cremator,  is  false  in 
design,  or  else  has  that  element  put  into  the  design  in  order  to  meet 
public  sentiment.  If  the  temperature  in  the  burning  furnace  is  suffi- 
ciently high,  there  is  no  need  of  a  fume  cremator.  A  fume  cremator 
is  simply  a  small  fire  placed  either  at  the  base  of  the  stack,  or  some- 
where in  the  passage  of  the  gases,  the  idea  being  to  burn  up  any  fume- 
creating  particles  that  might  pass  from  the  furnace  before  they  reach 
the  outside  air. 

In  Europe,  recent  practice  has  not  adopted  a  high  stack,  many  suc- 
cessful furnaces  being  operated  with  a  short  stack  and  a  forced  draught. 
By  a  short  stack  is  meant  one  of  70  to  80  ft. ,  although  some  are  still 
lower.  Sufficient  height  should  be  given  the  stack  to  stop  any  ques- 
tion as  to  its  being  a  source  of  annoyance  or  a  nuisance.  The  earliest 
destructors  used  very  tall  stacks  and  natural  draught. 

Personally,  the  speaker  favors  the  destruction  of  municipal  refuse 
by  cremation,  and  believes  that  it  will  be  generally  adopted  in  this 
country  before  a  great  many  years  have  passed.  As  indicated  before, 
persons  have  promoted  furnaces,  destructors,  cremators  and  incinera- 
tors which  were  not  designed  scientifically,  or  have  formed  companies 
not  strong  enough,  financially,  to  carry  out  their  claims.  Several 
cities  have  recorded  failure  from  both  these  causes,  and  in  some  the 
destructors  are  now  out  of  use.    • 

There  has  been  another  cause  of  failure,  due  to  the  collection  of 
garbage  at  the  destructor.  Garbage,  when  allowed  to  collect  en  masse, 
is  extremely  offensive;  and,  unless  it  is  properly  taken  care  of  and 
promptly  burned,  is  apt  to  create  an  adverse  public  sentiment, 
although  the  destructor  itself  may  be  good  of  its  kind. 
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The  system  of  reduction  has  been  adopted  by  a  number  of  our  Mr.  Parsons. 
larger  cities  because  it  was  easier  to  organize  a  reduction  plant  than  a 
destructor  plant.  The  fear  of  creating  a  nuisance— one  of  the  causes 
most  frequently  mentioned — has  acted  to  delay  progress  in  the  direc- 
tion of  cremation.  The  same  cause,  however,  was  not  as  active  in  the 
case  of  reduction.  The  returns  from  a  reduction  plant  are  not 
sufficient  to  operate  it.  Such  a  plant  must  rely  upon  a  bonus  from 
the  city.  The  returns  from  properly  constructed  destructors,  sup- 
plied with  suitable  municipal  wastes,  should  enable  the  plant  to  be 
more  than  self-maintaining,  and  to  earn  a  handsome  income  for  the 
municipality. 

It  is  quite  common  in  Europe  to  see  small  towns  in  which  the 
actual  pumping  of  the  water  supply  is  accomplished  by  means  of  the 
steam  generated  from  the  heat  produced  in  the  destructors.  Some 
towns  use  the  power  for  electric  street-lighting,  and  others  sell  the 
electricity  generated.  It  is  perfectly  possible  to  use  the  heat  gener- 
ated in  a  manner  which  will  be  income-earning,  while  the  reduction 
plant  needs  to  be  sustained  by  a  bonus. 

Destructor  plants  will  probably  first  be  started  by  the  smaller 
towns.  On  their  success,  which  depends  on  proper  engineering 
advice,  the  larger  cities  will  slowly  plan  future  improvements. 

The  practical  problem  in  any  city  is  the  distance  from  the  point  of 
collection  to  the  point  of  discharge  of  the  carts.  In  some  cities  that 
haul  is  short,  in  others  it  is  long.  In  New  York  City,  some  of  the 
carts,  the  speaker  believes,  have  hauls  as  long  as  five  miles.  A  system 
of  collection  by  automobiles  has  been  discussed,  but  no  automobile  has 
yet  been  designed  which  would  be  sufficiently  regular  to  stand  the 
service.  Perhaps,  in  time,  such  perfection  may  be  reached  as  to 
warrant  the  collection  by  this  means. 

Snow-melting  machines  cannot  handle  the  snow  fast  enough.  If 
the  carts  could  be  regulated  so  that  they  would  bring  the  supply  just 
at  the  rated  capacity  of  the  machines,  they  might  operate  in  a  satis- 
factory manner;  but  the  trouble  is  that  all  the  carts  arrive  together. 
As  they  cannot  stand  in  line  with  their  loads  of  snow,  they  have  to 
dump  it,  and  if  the  machine  cannot  take  it  it  is  simply  dumped  on 
the  street,  which  is  just  what  is  not  wanted.  When  snow  has  lain  in 
the  streat  a  little  while,  it  becomes  mixed  with  dirt  and  is  then  diffi- 
cult to  melt.  Snow-melters  have  not  proved  economical,  either  in 
time  or  money. 

If  the  snow  is  collected  from  the  streets  of  New  York  City 
promptly,  there  is  little  objection  to  its  being  dumped  in  the  river,  as 
the  snow  is  very  clean.  A  great  drawback  has  been  the  lack  of  docks 
from  which  snow  could  be  dumped. 

While  Mr.  Soper's  remarks  are  interesting,  some  of  his  state- 
ments scarcely  give  due  weight  to  the  practical  conditions  as  they 
exist  in  the  City  of  New  York. 
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Mr.  Parsons.  The  speaker  is  sure  that  anyone  studying  the  conditions  as  they 
exist  in  this  city  would  conclude  that  the  problem  is  les6  scientific 
than  practical.  In  order  to  turn  the  practical  problem  into  a  scientific 
one  requires  time,  and  in  time  it  will  probably  be  done. 

What  all  cities  and  all  municipalities  need  is  a  co-operation  be. 
tween  the  different  departments.  The  present  Commissioner  of  the 
Department  of  Street  Cleaning  has  done  more  than  any  other  Com- 
missioner in  this  direction.  A  Commissioner  is  hampered  by  the 
General  City  Government,  of  which  he  is  but  a  part.  The  failure  of 
some  of  the  former  administrations,  to  clean  the  streets  and  dispose 
of  the  refuse  properly,  may  not  have  been  due  solely  to  the  Commis- 
sioners. 

No  criticism  of  Mr.  So  per 's  purpose  is  intended.  His  remarks 
seem  to  be  misleading  to  members  who  have  not  made  a  specific  study 
of  the  subject.  His  criticism  of  some  of  the  former  Commissioners  is 
a  little  severe.  While  the  results  may  have  been  as  stated,  it  is  possible 
that  the  Commissioners  did  not  have  the  power  to  remedy  those  con- 
ditions. 

The  garbage  of  New  York  City  contains  an  enormous  amount  of 
water,  and  the  worst  class  of  all  to  burn  is  the  stuff  collected  from  the 
fruit  markets,  as  it  is  practically  non-combustible,  except  by  strong 
aids.  Ordinary  offal  or  kitchen  garbage  will  burn  reasonably  well 
when  mixed  with  the  other  wastes. 

The  rubbish  collections  in  New  York  City  are  95%  combustible; 
the  ashes  from  the  private  houses  and  small  apartment  houses  con- 
tain about  20%  of  unburned  coal.  If  the  rubbish  collections  and  the 
ash  collections  from  private  houses  and  small  apartment  houses  are 
mixed  with  the  garbage,  the  whole  can  be  burned  in  a  suitable 
furnace. 

The  ashes  from  the  steam-heating  companies  and  large  manufactur- 
ing plants,  known  as  "  steam  ash,"  are  collected  and  brought  to  the 
dumps  in  separate  vehicles,  so  that  there  is  no  necessity  at  any  time 
of  ever  passing  such  ash  through  a  destructor,  because  that  ash  is 
practically  pure. 

In  Europe,  the  principal  system  of  collection  is  one  of  non-separa- 
tion. They  simply  collect  the  whole  of  the  refuse,  and  this,  just  as  it 
comes,  goes  into  the  destructor. 

Most  destructors  contain  some  form  of  what  is  called  a  t(  drying 
table."  The  material  as  collected,  either  wet  by  contained  moisture, 
or  wet  by  rainfall,  is  placed  first  upon  some  part  of  the  cell  or  furnace 
where  it  can  be  warmed,  and  is  gradually  passed  back  over  the  fire,  in 
a  manner  similar  to  the  coking  method  of  firing.  When  the  material 
has  become  dry,  it  is  forced  back  to  the  hottest  part  of  the  grate, 
where  it  burns  rapidly,  supplying  heat  to  dry  the  incoming  material, 
while  sufficient  heat  is  left  to  evaporate,  in  boilers,  according  to  the 
material  burned,  from  1  to  2  lbs.  of  water  per  pound  of  refuse. 
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March  4th,  1903. — The  meeting  was  called  to  order  at  8.50  p.  m., 
President  Noble  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  96  members  and  28  guests. 

The  minutes  of  the  Annual  Meeting,  and  of  the  meetings  of  Febru- 
ary 4th  and  18th,  1903,  were  approved  as  printed  in  Proceedings  for 
February,  1903. 

Messrs.  R.  A.  MacGregor  and  F.  F.  Harrington  were  appointed 
tellers  to  canvass  the  vote  on  the  proposed  amendment  to  the  Consti- 
tution. 

A  paper  entitled  "  A  High-Voltage  Power  Transmission,"  by  M.  H. 
Gerry,  Jr.,  Assoc.  M.  Am.  Soc.  C.  E.,  was  presented  by  the  Secretary, 
and  discussed  by  Messrs.  F.  O.  Blackwell,  P.  H.  Thomas,  W.  B.  Potter 
and  J.  R.  McEee. 
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The  tellers  appointed  to  canvass  the  ballots  on  the  proposed 
amendment  to  the  Constitution,  relating  to  the  method  of  election  of 
members,*  reported  as  follows: 

Total  number  of  ballots  received 447 

Not  entitled  to  vote 2 

Ballots  not  signed ' 9 

—  11 

436 

Voted  aye 401 

Voted  nay 26 

Blank 9 

—  436 

The  President  announced  that  the  proposed  amendment  was  car- 
ried, as  it  had  received  an  affirmative  vote  of  more  than  two-thirds  of 
all  ballots  cast,  as  provided  by  the  Constitution  (Sec.  5,  Art.  IX). 

Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates elected: 

As  Membeks. 

Frank  Harvey  Eno,  Columbus,  Ohio. 
Habbt  Foote  Hodges,  Washington,  D.  C. 
William  Benjamin  Jackson,  Madison,  Wis. 
AiiBEBT  Ferdinand  Reichmank,  Chicago,  111. 
Junnosuke  Yamaguohi,  Kobe,  Japan. 

As  Associate  Members. 

Maurice  Fritcbxey  Brown,  Boston,  Mass. 
George  Edward  Howe,  Glens  Falls,  N.  Y. 
Arthur  Benjamin  Ilsley,  Boston,  Mass. 
Frederic  Arnold  Kummer,  New  York  City. 
William  Sutton  McFetridge,  Parkersburg,  W.  Va. 
Takejiro  Shim  a,  New  York  City. 
Albert  Franklin  Sickman,  Holyoke,  Mass. 
Everett  Broomall  Wilson,  Newark,  N.  J. 

The  Secretary  announced  that  at  the  meeting  of  the  Board  of  Direc- 
tion, March  3d,  1903,  the  reconsideration  ballot,  on  the  application  of 
Frank  Taylor  Chambers,  Assoc.  M.  Am.  Soc.  C.  E.,  for  transfer  to  the 
grade  of  Member,  was  canvassed,  and  that  Mr.  Chambers  was  elected 
a  Member. 


♦See  Proceedings,  Vol.  XXIX,  p.  I 
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The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  March  3d,  1903: 

As  Juniors. 

Bruce  Borland,  Three  Lakes,  Wis. 
Chablss  Frank  Class,  Philadelphia,  Pa. 
John  Clausnttzbr,  New  York  City. 
Rossiter  Raymond  Febnow,  Ithaca,  N.  T. 
Harry  Macy  Harps,  Fort  Dodge,  Iowa. 
Caleb  Hyatt,  Scarsdale,  N.  Y. 
John  Douglas  Mathbson,  New  York  City. 

Adjourned. 


March  18th,  1903.— The  meeting  was  called  to  order  at  8.45  p.  m., 
President  Noble  in  the  chair;  Chas.  Warren  Hunt,  Secretary  ;  and 
present,  also,  126  members  and  17  guests. 

A  paper  entitled,  "Sand-Blast  Cleaning  of  Structural  Steel,"  by 
George  W.  Lilly,  Assoc.  M.  Am.  Soc.  C.  E.,  was  presented  by  the 
author. 

Written  discussions  on  the  paper  from  Messrs.  Charles  E.  Fowler, 
William  A.  Polk  and  J.  P.  Snow  were  presented  by  the  Secretary. 

The  subject  was  discussed  verbally  by  Messrs.  Theodore  Belzner, 
Theodore  Paschke,  A.  H.  Sabin,  Henry  B.  Seaman  and  the  author. 

The  Secretary  announced  the  death  of  the  following  members: 

Alfred  L.  Bites,  elected  Member  September  4th,  1872;  died 

February  27th,  1903. 
Benjamin  Harrison  Flynn,  elected  Junior  October  2d,  1900; 

died  March  1st,  1903. 
William  Buel  Franklin,  elected  Member  April  1st,  1874; 

died  March  8th,  1903. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

March  3d,  1903- — 8.35  p.  m. — President  Noble  in  the  chair;  Chas. 
Warren  Hunt,  Secretary,  and  present,  also,  Messrs.  Briggs,  Craven, 
Croes,  Davison,  Knap,  Knichling,  Osgood,  Pegram,  Schneider  and 
Wilgus. 

The  seven  geographical  districts,  into  which  the  membership  of  the 
Society  is  divided,  were  established  for  the  next  year,  the  same  as  in 
1902. 

The  resignation  of  E.  H.  Goodman,  Assoc.  Am.  Soc.  G.  E.,  was 
accepted. 

The  following  Committee  to  take  charge  of  the  local  arrangements 
for  the  Thirty -fifth  Annual  Convention,  to  be  held  at  Asheville,  N.  C, 
was  appointed:  Messrs.  J.  L.  Lndlow,  William  Cain,  George  W. 
Frank,  William  Moncnre,  J.  Imbrie  Miller,  W.  B.  W.  Howe,  Arthur 
Pew,  E.  T.  D.  Myers,  Wilbur  F.  Foster,  J.  A.  Montgomery. 

Ballots  on  the  reconsideration  of  the  ballot  on  the  application  of 
Frank  T.  Chambers,  M.  Am.  Soc.  C.  E.,  for  transfer  to  the  grade  of 
Member,  were  canvassed,  and  Mr.  Chambers  was  elected  a  Member. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

Seven  candidates  for  admission  as  Junior  were  elected.* 

Adjourned. 

*  See  page  101. 
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ANNOUNCEMENTS- 

( 
The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 

every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  April  ist,  1903. — 8.30  p.  m.— A  regular  business  meet- 
ing will  be  held.  Ballots  for  membership  will  be  canvassed,  and  two 
papers  will  be  presented  for  discussion,  as  follows :  "  The  Filtration 
Works  of  the  East  Jersey  Water  Company,  at  Little  Falls,  New  Jersey, " 
by  George  W.  Fuller,  Assoc.  M.  Am.  Soc.  0.  E.;  and  "Automatic 
Modules  for  Regulating  the  Speed  of  Filtration,"  by  Charles  Anthony, 
Jr. ,  M.  Am.  Soc.  C.  E.  These  papers  were  printed  in  Proceedings  for 
February,  1903. 

Wednesday,  April  15th,  1903. — 8.30  p.  m.— At  this  meeting  a 
paper,  by  Sherman  M.  Turrill,  Assoc.  Am.  Soc.  C.  E.,  entitled  "An 
Investigation  of  the  Properties  of  Brick  Under  Different  Physical  Con- 
ditions," will  be  presented  for  discussion.  This  paper  is  printed  in 
this  number  of  Proceedings. 

Wednesday,  May  6th,  1903— 8.30  p.  m.—  A  regular  business  meet- 
ing will  be  held.  Ballots  for  membership  will  be  canvassed,  and  two 
papers  will  be  presented  for  discussion,  as  follows:  "A  Small  Rock- 
Fill  Dam,"  by  H.  deB.  Parsons,  M.  Am.  Soc.  C.  E. ;  and  "  Deflection  of 
Beams  with  Variable  Moments  of  Inertia,"  by  C.  W.  Hudson,  M.  Am. 
Soc.  C.  E.     These  papers  are  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION  OF  1903. 

The  Thirty-fifth  Annual  Convention  of  the  Society  will  be  held  at 
Asheville,  N.  C,  during  the  week  beginning  June  8th,  1903.  The  fol- 
lowing have  been  appointed  as  a  Local  Committee  of  Arrangements : 

J.  L.  Ludlow, 
William  Cain,  W.  B.  W.  Howe, 

George  W.  Fbank,  Arthur  Pew, 

William  Moncure,  E.  T.  D.  Myers, 

J.  Imbrie  Miller,        ^  Wilbur  F.  Foster, 

J.  A.  Montgomery. 
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TOPICS  FOR  DISCUSSION  AT  THE  ANNUAL  CONVENTION. 

At  the  last  four  Annual  Conventions  no  formal  papers  have  been 
presented,  but,  instead,  topics  of  general  interest  have  been  dis- 
cussed. The  interest  which  these  discussions  have  aroused  has  shown 
that  they  are  appreciated,  and,  for  the  coming  Convention,  the  Com- 
mittee on  Publications  would  be  glad  to  receive  from  members  sug- 
gestions as  to  suitable  topics. 

The  following  list,  of  the  subjects  which  have  already  been  discussed 
at  Conventions,  is  here  printed,  in  order  to  give  some  idea  of  the  kind 
of  subjects  desired: 

List  of  Subjects  Presented  fob  Discussion  at  the  last  foub 
Annual  Conventions. 

"  Should  the  use  of  the  method  of  Wheel  Concentrations  be  discon- 
tinued in  determining  the  Stresses  in  Railroad  Bridges? 

"  In  view  of  present  knowledge  of  the  Effect  of  Repeated  Applications 
of  Load,  should  Fatigue  Formulas  be  used  in  Bridge  Design? 

"  (a)  Should  Stream  Contamination  by  the  Sewage  of  Cities  be  abso- 
lutely prohibited  by  law? 

"  (b)  Should  the  Purification  of  the  Sewage  of  Cities  be  compulsory, 
and  is  this  feasible  for  Large  Cities? 

"  (c)  Is  Filtration  the  coming  solution  of  the  Pure- Water  Question  for 
Cities? 

"  What  is  the  Proper  Friction  Coefficient  for  use  in  the  design  of 
Riveted  Steel  Pipe? 

41  What  are  the  economic  conditions  under  which  Electricity  may  be 
profitably  substituted  for  Steam  in  the  operation  of  Branch  Kail- 
road  Lines,  and  what  are  the  engineering  requirements  to  be  con- 
sidered in  such  substitution? 

"  What  is  the  present  development  of  the  so-called  Telferage  System 
for  moving  either  Freight  or  Passengers?  What  are  the  conditions 
under  which  that  System  is  preferable  to  movement  by  Rail,  and 
what  is  its  adaptability  to  still  further  application  in  competition 
with  Rail  Lines? 

"  Height  of  Buildings. 

(1)  What  considerations  should  limit  the  height  of  buildings? 

(2)  Do  recent  developments  in  construction,  sanitation,  intercom- 
munication and  economy  of  administration,  warrant  the 
removal  of  all  restrictions? 

'  *  Recent  Practice  in  Rails. 

The  progressive  increase  in  weight;  the  increase  in  hardness,  par- 
ticularly in  carbon;  the  sections  in  most  general  use;  the  effect 
of  changes  in  weight,  composition  and  section. 
"  Filtration  of  Water  for  Public  Use. 

The  several  processes  now  used  for  the  removal  of  objectionable 
matter;  their  comparative  sanitary  effect,  cost  and  reli- 
ability. 
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"  Do  the  interests  of  the  profession,  and  the  duty  of  its  members  to 
the  public,  require  that  only  those  who  are  competent  be  allowed 
to  practice  as  Civil  Engineers?  Under  what  authority,  through 
what  agency,  and  upon  what  evidence  of  competency,  should 
applicants  be  admitted  to  the  practice  of  Civil  Engineering? 

*'  Steel-Concrete  Construction. 

What  stress  in  tension  and  compression  should  be  allowed  in  con- 
crete? 
What  is  the  proper  modulas  of  elasticity  of  concrete? 
In  Steel-Concrete  Arches: 

(1)  What  should  be  the  ratio  of  steel  section  to  concrete  section, 

and  what  is  the  best  form  and  disposition  of  the  former? 

(2)  What  consideration  should  be  given  to  temperature  changes 

and  consequent  stresses? 

(3)  What  are  the  best  proportions  for  concrete,  and  what  is  the. 
best  method  of  placing  it? 

"  The  Decolorization  of  Water. 

When  is  it  necessary?    How  may  it  be  accomplished? 
"  The  Consumption  of  Water  in  Municipal  Supplies  and  the  Restriction 

of  Waste. 

"  In  contract  work,  either  public  or  private,  is  it  preferable  to  make 

separate  contracts  for  the  different  branches  of  trades  involved,  or 

to  combine  all  under  one  general  contract? 
"  Is  it  possible  and  desirable  to  keep  accounts  of  work  in  progress  in 

such  a  manner  as  to  ascertain  unit  costs  on  each  class  of  work? 
"  Is  steel  susceptible  of  being  made  as  permanent  a  building  material 

as  masonry? 
"In  view  of  the  numerous  disasters  caused  by  the  contracting  of 

channels,  or  the  damming  of  small  streams,  should  non-navigable 

streams  be  under  the  control  of  the  National  Government? 
"Should  the  National  Government  undertake  the  construction  and 

operation  of  irrigation  works? 
"Should  Engineering  Practice  be  regulated  by  a  code  of  ethics?    If 

so,  how  can  such  a  code  be  established?" 
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ACCESSIONS  TO  THE   LIBRARY. 

From  February  11th  to  March  10th,  1903. 
DONATIONS.* 

LATHES,  SCREW  MACHINES,  BORINd  AND  TURNINO  MILLS. 

A  Practical  Treatise  on  the  Design  and  Construction  of  Turning 
Machines,  Including  Lathes,  Automatic  Screw  Machines,  Borinc  and 
Turning  Mills,  and  their  Accessories.  By  Thomas  B.  Shaw.  Cloth, 
9x6  ins. ,  10  +  649  +  5  pp. ,  illus.  The  Scientific  Publishing  Company, 
Manchester,  1903.     15  shillings,  net. 

The  object  of  this  work  is  to  review  in  detail  types  of  the  many  varied  machine  tools 
in  use  for  the  working  into  shape  of  metais,  and  to  give  constructive  details  of  the 
more  important  mechanisms  and  devices,  which,  it  is  hoped,  will  prove  helpful  to  those 
engaged  in  various  branches  of  engineering,  and  make  easier  the  solution  of  prob- 
lems in  design  which  are  presenting  themselves  continually  in  various  guises  in  every- 
day practice.  It  was  considered  that  the  best  way  to  treat  the  subject  would  be  to  give 
examples  from  actual  practice,  showing  the  different  mechanisms  with  their  respective 
constructional  surroundings.  This  plan  has  been  adopted  as  far  as  practicable.  The 
Contents  are:  General  Notes  on  Design  and  Arrangement;  Principle  of  the  Lathe; 
Small  Lathes  with  Some  Special  Features;  On  Screw  Threads;  American  Lathes; 
Lathes  for  Special  Purposes;  Small  Lathes  for  Accurate  Work;  Electrically-Driven 
Lathes:  Summary  of  Lathe  Design;  Turret  Lathes;  Examples  of  Hollow  Turrets; 
Vertical  Turret  Lathes;  Full  Automatic  Screw  Machines;  Heavy  Lathes;  Boring  and 
Turning  Mills.    There  is  an  index  of  five  pages. 

IRON    AND   STEEL,  IRON  ORE,  AND    COAL    STATISTICS  FOR   THE   UNITED 
STATES,  OREAT  BRITAIN,  GERMANY,  PRANCE,  AND  BELOIUM. 

Revised  to  the  end  of  1901.  By  James  M.  Swank.  Cloth,  6x4 
ins.,  32  pp.  Philadelphia,  The  American  Iron  and  Steel  Association, 
1902. 

This  compilation  of  Iron  and  8teel,  Iron  Ore,  and  Coal  Statistics  for  the  United  States 
and  four  European  countries  is  presented  to  the  members  of  the  American  Iron  and 
Steel  Association  as  a  souvenir  of  the  completion  of  the  author's  thirty  years  of  contin- 
uous service,  first  as  Secretary  and  afterwards  as  General  Manager  of  the  Association. 
The  pamphlet  also  contains  the  production  of  iron  ore  in  Algeria  as  far  back  as  authen- 
tic statistics  are  available,  the  production  of  coke  In  the  United  States  to  the  close  of 
1001,  and  of  the  shipments  of  Connellsville  and  Pocahontas  Flat  Top  Coke,  statistics  of 
the  shipments  of  Lake  Superior  iron  ore  and  of  Cuban  iron  ore  to  the  same  date:  also 
complete  statistics  of  the  imports  of  iron  ore  into  the  United  States  at  the  close  of 
1901. 

ENGINEERING  CONTRACTS  AND  SPECIFICATIONS 

Including  a  Brief  Synopsis  of  the  Law  of  Contracts,  and  Illustrative 
Examples  of  the  General  and  Technical  Clauses  of  Various  Kinds  of 
Engineering  Specifications.  Designed  for  the  Use  of  Students,  Engi- 
neers, and  Contractors.  Bv  J.  B.  Johnson,  M.  Inst.  C.  E.,  M.  Am.  Soc. 
C.  E.,  M.  Am.  Soc.  M.  E.  'Third  Edition  Revised.  Cloth,  9x6  ins., 
566  pp.,  por.  Engineering  News  Publishing  Co.,  New  York,  1903. 
$6.00. 

The  preface  states  that  in  the  present  edition  a  general  revision  of  Fart  IV  has  been 
made,  in  addition  to  minor  changes  in  the  other  portions  of  the  book.  Several  complete 
specifications  have  been  entirely  changed,  or  replaced,  and  many  new  ones  have  been 
added.  Two  new  appendices  are  given  on  The  Engineer  as  an  Expert  Witness,  and 
the  Standard  Specifications  for  Iron  and  Steel  proposed  by  the  American  Committee  of 
the  International  Association  for  Testing  Materials.  By  these  additions  the  book  has 
been  enlarged  114  pages.  The  Parts  are:  Synopsis  of  the  Law  of  Contracts:  Engineer- 
ing Specifications  and  Accompanying  Documents;  Specific  Descriptive,  or  Technical 
Clauses  in  Specifications;  Illustrative  Examples  of  Complete  Contracts  and  Specifica- 
tions.   There  is  an  index  of  six  pages. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  Publishers. 
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STATICS  BY  ALGEBRAIC  AND  GRAPHIC  METHODS. 

Intended  Primarily  for  Students  of  Engineering  and  Architecture. 
By  Lewis  J.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E.     Cloth,  9x6  ins.,' 
8  +  133  pp.,  6  plates,  illus.     New  York,  John  Wiley  &  Sons,  1903. 
62.00. 

It  is  stated  in  the  preface  that  this  volume  has  been  written  in  the  hope  of  helping 
students  to  acquire  a  knowledge  of  statics  which  will  include  the  power  to  apply  it  cor- 
rectly in  professional  work.  To  this  end  an  attempt  has  been  made  to  carry  out  several 
specific  purposes,  among  which  are  the  following:  1.  To  elve  much  attention  to  the 
starting  points  of  the  science,  and  to  make  as  clear  as  possible  the  course  of  deduction 
therefrom.  2.  To  point  out  the  Inherent  mathematical  limitations  of  pure  statics,  and 
to  show  how  all  its  important  problems  are  solved.  8.  To  develop  algebraic  and  graphic 
methods  of  solution  side  by  side,  and  with  equal  thoroughness.  4.  To  present  a  graded 
set  of  problems  illustrating  not  only  universal  principles,  but  also  how  statics  is  used  in 
engineering  practice.  The  chapter  headings  are:  Definitions  and  Preliminaries;  Nota- 
tion and  Conventions:  Parallelogram  of  Forces  and  its  Derivatives;  Algebraic  and 
Graphic  Statements  of  the  Condition  of  Equilibrium,  with  Applications:  Scope  of  Pure 
Statics;  Solutions  of  Statical  Problems;  Additional  General  Topics  and  Processes;  Cen- 
ters of  Gravity;  Stress;  Structures:  Stresses  in  Non-Framed  Structures;  Stresses  in 
Framed  Structures;  Additional  Topics  and  Examples. 

LIME  AND  CEMENT  INDUSTRIES  OP  NEW  YORK. 

By  Heinrich  Bies.  Chapters  on  the  Cement  Industry  in  New  York. 
By  Edwin  C.  Eckel.  Cloth.  10  x  7  ins. ,  pp.  641-968, 102  plates.  Albany, 
University  of  the  State  of  New  York,  1901.  (Bulletin  of  the  New  York 
State  Museum,  No.  44,  Vol.  8.  November,  1901.)  (Donated  by  F.  J. 
H.  Merrill.) 

The  Contents  are:  Origin  of  Limestone;  Chemical  Composition;  Geologic  Occur- 
rence; Prospecting;  Color  of  Limestone;  Mineraloglc  Composition;  Uses  of  Limestone; 
Uses  of  Lime;  Cement;  Geolog      -—-.—    «-  ,.._.. 

Counties;  Cement  Industry  " 

Producers  of  Natural  Rock  .  .  . 

York  State;  Manufacture  of  Portland  Cement  in  New  York  State;  Tests  of  Cements. 
Made  by  the  State  Engineer,  1897-1000;  Key  to  Tables  of  Limestone  Analyses;  Tables  of 
Limestone  Analyses.    There  is  an  index  of  ten  pages. 

Gifts  have  also  been  received  from  the  following: 

Am.  Soc.  Mech.  Engrs.  1  pam.,  8  bound  vol.  Midland  Ry.  Co.    1  pam. 

Assoc.    Amicale  des  Anclens   Sieves   de  Min.  Soc.  of  Nova  Scotia.    1  pam. 

TEcole  Centrale.  1  vol.  N.  J.-Commr.  of  Pub.  Roads.  1  bound 
Assoc,  of  Ry.  Supts.  of  Bridges  and  Build-  vol. 

togs.    1  pam.  New  York  Univ.    1  vol.  * 

Augusta,  Ga.— City  Council.  1  pam.  Northampton,  .Mass.— Water- Works.  1 
Binghamton,   N.  Y.— Water  Commrs.     1  pam. 

pam.  Paine,  Charles.    1  vol. 

^gs,  John  I.    8  bound  vol.  Pharr,  H.  N.    1  pam. 

aware,  Lackawanna  &  Western  R.  R.  Piatt.  T.  C.    4  pam. 

Co.    2  pam.  Royal  Soc.  of  New  South  Wales.    1  vol. 

Eng.  Assoc  of  the  South.    1  pam.  Sherman,  Chas.  W.    1  pam. 

Fitchburg,  >!ass.— City  Engr.  1  pam.  Simla,  India— Director  of  Ry.  Construe- 
Great  Britain— Patent  Office.    10  pam.  tion.    2  bound  vol. 

Hutton,  N.  H.  1  pam.  Soc.  Beige  des  Ingenieurs  et  des  Indus- 
lust,  of  Civ.  Engrs.    2  bound  vol.  triels.    1  pam. 

Johnstown,     NT     Y.— Board     of     Water  U.  S.  Bureau  of  Statistics.    1  bound  vol. 

Commrs.    1  pam.  U.  S.  Commr.  of  Education.    1  bound  vol. 

Kftnfgliche  Technlsche  Hochschule  zu  Ber-  U.  S.  Corps  of  Engrs.    2K  specif . 

lin.    lpam.  U.  8.  Interstate  Commerce  Comm.    1  pam. 

Summer,  F.  A.    1  bound  vol.  U.  S.  Office  of  Naval  War  Records.    7  pam. 

Leominster.  Mass.— Water  Board.  1  pam.  Victoria— Water  Supply  Dept.  1  bound 
Marburg,  Edgar.    1  vol.  vol. 

Marston,  A.    1  uam.  Webster,  Albert  L.    1  bound  vol. 

Middletown,     Conn.— Board     of      Water  Young  Men's  Christian  Assoc,  of  N.  Y.    1 

Commrs.    1  pam.  pam. 

BY  PURCHASE. 

Dcr  Briickenbau.  Von  Franz  Tscherton.  Wiesbaden,  C.  W. 
Kreidel,  1903. 

Konstruktionslehre  der  elnfachen  Maschinenteile.     Yon  O.   v. 

Grove.     2  vol.    Leipzig,  S.  Hirzel,  1902. 
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Das  Elsenbahngleis.  Yon  A.  Haarmann.  Kritischer  Teil.  Leip- 
zig, Wilhelm  Engelmann,  1962. 

Der  Praktlsche  Maurer.  (Manrer-  und  Steinmetzarbeiten).  Ein 
Hand-  und  Nachschlagebuch  aus  der  Praxis  fur  die  Praxis.  Yon  Dr.  £. 
A.  Menzel.  12.  vielfach  verbesserte  nnd  vermehrte  Auflage.  Heraus- 
gegeben  yon  Otto  Alisch,  A.  Eckardt,  Martin  Koster,  P.  Schmidt. 
Leipzig,  I.  I.  Arnd,  1902. 

Elasticltat  und  Festigkelt.  Die  fur  die  Technik  wichtigsten 
Satze  nnd  deren  erfahrungsmassige  Grnndlage.  Yon  C.  Bach. 
Yierte,  vermehrte  Anflage.     Berlin,  Julius  Springer,  1902. 

Experimental  Engineering  and  Manual  for  Testing.  For  Engi- 
neers and  for  Students  in  Engineering  Laboratories.  By  Bolla  C. 
Carpenter.  Fifth  Bevised  and  Enlarged  Edition.  New  York,  John 
Wiley  &  Sons;  London,  Chapman  &  Hall,  Limited,  1902. 


SUMMARY  OF  ACCESSIONS. 

From  February  llth  to  March  10th,  1903. 

Donations  (including  8  duplicates) 97 

By  purchase 7 

Total , 104 
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MEMBERSHIP. 


ADDITIONS. 

MEMBEB8. 

Chambers,  Frank  Taylob  Membership. 

Civ.   Engr.,  U.   S.   Navy,   U.   8.   Navy  Yard,  I  Assoc.  M.    April    6,  1898 

Philadelphia,  Pa 1  M.  Mar.     3,  1903 

Cooley,  Maurice  Wubtz 

Mgr.,  The  National  Contr.  Co.,  246  First  St.,  )  Assoc.  M.      Mar.     7,  1894 

Cambridge,  Mass (  M.  Dec.     3,1902 

Datesman,  George  Elvin 

Prm.  Asst.   Engr.,   Bureau  of   Surveys,   416  City  Hall, 

Philadelphia,  Pa Feb.     4,  1903 

Hodges,  Habbt  Foote 

Maj.,  Corps  of  Engrs.,  U.  S.  A.,  1812  N  St.,  N.  W.,  Wash- 

ington,  D.  C Mar.     4,  1903 

Jackson,  William  Benjamin 

Madison,  Wis Mar.     4,  1903 

Randolph,  Is  ham 

Chf.  Engr.,  San.  Dist.  of  Chicago,  Boom  1010,  Security 

Bldg.,  Chicago,  111  Feb.     4,  1903 

Rkichmann,  Albert  Fbbdinand  /  Jun.  April  30,  1895 

Asst.  Engr.,  Western  Div.,  Am.  Bridge  Co.,  i  Assoc.  M.     Oct.      5,1898 

1318  Monadnock  Bldg.,  Chicago,  111 (  M.  Mar.     4,  1903 


associate  membebs. 

Brown,  Maurice  Fbitchlry 

Chf.  Engr..  Boston  Bridge  Works,  47  Winter  St.,  Boston, 

Mass Mar.     4,  1903 

Bbtnn,  Pes 

Care,  Am.  Bridge  Co.,  51st  St.,  Pittsburg,  Pa Feb.     4,  1903 

Howe,  Geoboe  Edward 

Asst.  Engr.,  Hudson  River  Water  Power  Co.,  Glens  Falls, 

N.Y Mar.     4,1903 

Howe,  Joseph  Milton 

Houston,  Tex Feb.     4,  1903 

McFetbidoe,  William  Sutton 

Asst.  Chf.  Engr.,  Little  Kanawha  B.  R.  Co.,  j  Jun.  May     3,  1898 

Parkersburg,  W.  Va (  Assoc.  M.    Mar.     4,1903 

Paine,  Hibbabd  Atwtll 

Res.  Engr.,  C,  0.  &  W.  R.  R.,  Chandler,  Okla.  T Feb.     4,  1903 

Ross,  Thomas  Alexander 

Engr.  in  Chg.,  Shanghai  Woosung  Ry.  Extension,  Box 

185,  British  P.  O.,  Shanghai,  China Dec.      3,  1902 

Sicxman,  Albert  Franklin 

Holyoke,  Mass Mar.     4,  1903 


110      MEMBERSHIP— ADDITION 8 — CHANGES  OF  ADDRESS.      [Society 

Date  of 
Stayton,  Edward  Moses  Membership 

423  East  Kansas  St.,  Independence,  Mo Feb.     4,  1903 

Wickes,  Edwabd  Dana 

Min.  Engi*.,  The  Low  Moor  Iron  Co.  of  Va.,  Low  Moor, 

Va Dec.     3,1902 

Wilson,  Everett  Broomall 

200  Peshine  Ave.,  Newark,  N.  J Mar.     4,  1903 


associates. 

Bebneoau,  Rudolf  Caspab  Carl  Mabie 

Treas.,  Keuffel  &  Esser  Co.,  127  Fulton  St.,  New  York 
City Feb.      3,  1903 

JUNIORS. 

Adey,  John  Seaoeb 

445  Lenox  Ave.,  New  York  City Feb.     3,  1908 

Borland,  Bruce 

2027  Prairie  Ave.,  Chicago,  111 ( Mar.     3,1903 

Cetti,  Cabolus  Hermann  Zane- 

Fort  Worth,  Tex Feb.     3,1903 

Class,  Charles  Frank 

2610  North  Jessup  St.,  Philadelphia,  Pa Mar.     3,  1903 

Crook,  John  Anthony 

Chf.  Engr.,  The  John  Gilligan  Co.,  Falls  City,  Nebr Feb.     3,  1908 

Hyatt,  Caleb 

Scarsdale,  N.  Y Mar.     3,1903 

Kauffman,  Vernet  Albert 

Care,  H.  A.  Sumner,  Majestic  Bldg.,  Denver,  Colo Feb.     3,  1903 

Quanz,  Rudolph 

507  Central  Ave.,  Brooklyn,  N.  Y Sept.     2,  1902 

Smith,  George  Edson  Philip 

Prof,  of  Physics  and  Eng.,  Univ.  of  Arizona,  Tucson,  Ariz.     Feb.     3,1903 
Stbpath,  Charles  Undebhlll 

154  West  122d  St.,  New  York  City Feb.     3,  1903 

Walkeb,  Edward  Lloyd 

Care,  Jersey  City  Water  Supply  Co.,  158  Ellison  St.,  Pat- 
erson,  N.J  Feb.     3,  1903 

CHANGES  OP  ADDRESS. 


Barber,  William  Davis Asst.  Engr.    in  Chg.,  Div.  of  Constr.   and 

Repairs,  323  City  Hall,  Chicago,  111. 

Beardsley,  James  Wallace Cons.  Engr.  to  the  Comm. ,  and  Chf.  of  the 

Bureau  of  Eng.,  Palace,  Manila,  Philip- 
pine Islands. 
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Coombs,  Stephen  Elbbtdge 4025  McPherson  Ave.,  8t.  Louis,  Mo. 

Davis,  Chables  E.  L.  B Lt.-Gol.,  Corps  of  Engrs.,  U.  S.  A.,  Chf. 

Engr.  Officer  of  the  Div.,  Manila,  Philip- 
pine Islands. 

Dunn,  Daniel  Burke Care,  S.  A.  L.  By.,  Dallas,  Ga. 

Gates,  Horace  Delphos Asst.  to  City  Engr.,  311  Lyon  St.,  San  Fran- 

cisco,  Cal. 

Hayden,  William  Wallace Asst.  Engr.,  Y.  &  M.  V.  B.  B.,  Poplar  St. 

Depot,  Memphis,  Tenn. 

Hubby,  Edwabd  Henry 1  Broadway,  Boom  122,  New  York  City. 

Inoalls,  Owen  Loyejoy City  Engr.,  Manila,  Philippine  Islands. 

Kleinbeok,  August  Gubtaye 710  North  State  St.,  Litchfield,  HI. 

Linvtlle,  Jacob  Hats Evergreen  Lodge,  Lansdowne,  Pa. 

MacNaughton,  James Care,  Maclntyre  Iron  Co.,  26  Cortlandt  St., 

New  York  City. 

Milleb,  CBABLE8  Henbt v  ..Engr.  with  McClintic-Marshall  Const.   Co. 

of  Bankin,  Pa.;  727  East  End  Ave.,  Pitts- 
burg, Pa. 

Pabkeb,  Habold South  Lancaster,  Mass. 

Pew,  Abthub Auburn,  Ala. 

Smith,  William  Chables With  Richard  s-Lundeen  Co.,  Gen.  Contra., 

Minneapolis,  Minn. 

Stantobd,  Homes  Beed Civ.  Engr.,  U.  S.  N.,  Care,  Bureau  of  Yards 

and  Docks,  Navy  Dept ,  Washington,  D.  C. 

Stanton,  Bobebt  Bbewsteb 66  Broadway,  New  York  City. 

T0MLIN8ON,  Sam 1  Baffles  PL,  Singapore,  Straits  Settlements. 

Townbend,  Curtis  McDonald Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Manila, 

Philippine  Islands. 

Tbundle,  Horatio  Hartley Mocksville,  Davie  Co.,  N.  C 

Value,  Beverly  Beid Care,  Toronto  &  Niagara  Power  Co.,  Niagara 

Falls,  Ont.,  Canada. 

Watson,  William  Parsons Prin.   Asst.   Engr.,  Mo.  Pac.   By.  Co.,  St. 

Louis,  Mo. 

Webb,  George  Herbert Asst.  Engr.,  Michigan  Central  B.  B.,  Kala- 
mazoo, Mich. 

Williams,  Cyrus  John  Richard.  .Engr.,  Lyttelton  Harbour  Board,  Christ- 
church,  New  Zealand. 

Yates,  Preston  King First  Asst.  Engr.,  The  Lake  Shore  k  Michi- 
gan Southern  B.  B.,  67  Spangler  Ave., 
Cleveland,  Ohio. 


ASSOCIATE     MEMBERS. 

Bance,  Chables  William Asst.  Engr.,  Jersey  City  Water  Supply  Co., 

166  Ellison  St.,  Paterson,  N.  J. 

Booos,  John  Innebabity Chf.  Engr.,    Arkansas   Southwestern  By., 

Gurdon,  Clurk  Co.,  Ark. 
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Bobight,  William  Parsons Care,  T.  H.  Riddle  Constr.  Co.,  Ravenna, 

Ohio. 
Cablile,  Thomas  Jenks Engr.,  Beaver  Greek  R.  R.  &  Lumber  Co., 

Davis,  W.  Va. 
Cunningham,  Joseph  Hookjbb Res.  Engr.,  Paget  Sound  Power  Co.,  IV 

coma,  Wash. 
Edwards,  Frederick Asst.    Prof,    of   Civ.    Eng.,    Union   Coll., 

Schenectady,  N.  Y. 

Fain,  Jambs  Rhea Norfolk,  Nebr. 

French,  Frank  Chaunoey Belen,  N.  Mex. 

Henbt,  Philip  Walter Vice-Pres.,  Medina  Quarry  Co.,  150  Nassau 

St.,  New  York  City. 

Moore,  Charles  Gillinoham 189  Cleveland  Ave.,  Buffalo,  N.  Y. 

Newrerrt,  Spencer  Baird Gen.  Mgr.,  Sandusky  Portland  Cement  Co., 

Bay  Ridge,  Ohio. 
Nichols,  Henry  Francis Gen.  Mgr.  and  Engr.,  James  Hill  A  Sons, 

63  GrenfeU  St.,  Adelaide,  South  Australia: 

Noble,  Frederick  Charles 439  West  123d  St.,  New  York  City. 

Olbero,  Charles  Real Asst.  Engr.,  U.  S.  Geological  Survey ,  Wash- 
ington, D.  C. 
Phillips,  Howard  Crathorne Engr.,  Western  Grand  Div.,  A.,  T.  &  S.  F. 

Ry.,  La  Junta,  Colo. 
RosBWATER,  William  Marcus Chf.  Draftsman,    The  Bucyrus    Co.,  Gen. 

Delivery,  Pittsburg,  Pa. 
Sohbnx,  Carl  Louis  Eduard Contr.  Engr.,  Exeter  Machine  Works,  Rural 

Route  No.  2,  Oakdale,  Pa. 
Tabkr,  George  Aymar Asst.  Engr. ,  Rapid  Transit  R.  R.  Gornm., 

312  West  122d  St.,  New  York  City. 
Turner,  George  Dallas  Batrd.  .  .Vice-Pres.  and  Gen.  Mgr.,  J.  I.  C.  Mining 

&  Milling  Co.,  317  Atlas  Blk.,  Salt  Lake 
City,  Utah. 

ASSOCIATES. 

Turrill,  Sherman  Marsh New  Milford,  Conn. 

JUNIORS. 

Armstrong,  Alexander  Floyd.  ..Office  of  City    Engr.,    Manila,   Philippine 

Islands. 

Dimond,  James  Renwick 128  West  33d  St.,  New  York  City. 

Fuller,  Carl  Hamilton  ....... .Eng.  Dept.,  Koken  Iron  Works,  St.  Louis, 

Mo. 

Pearsb,  Langdon 177  Sixth  Ave.,  Brooklyn,  N.  Y. 

Peering,  Henry  Garfield Draftsman,    Phila.  Rapid  Transit  Co.,  619 

North  48th  St.,  Philadelphia,  Pa. 
Thompson,  Wdlpord  Ashpobd.  ..  .Engr.,    Imperial  Constr.  Co.,  Brawley,  via 

Imperial,  Cal. 
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RESIGNATIONS. 


ASSOCIATES. 

Date  of 
Resignation. 

Goodman,  Edward  Harms.  •. March  3d,  1903 


DEATHS. 

Fltnh,  Bbkjamin  Habbison Elected  Junior,    October   2d,    1900;    died 

March  1st,  1903. 
Franklin,  William  Bukl Elected    Member,   April    1st,    1874;   died 

March  8th,  1903. 
RrvEs,  Aubkd  L Elected  Member,  September  4th,  1872;  died 

February  27th,  1903. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST. 

(February  llfch  to  March  10th,  1903.)' 

Note. — This  list  is  published  for  this  purpose  of  placing  before  the  member* 

of  the  Society  the  titles  of  current  engineering  articles*  which  can  be  referred 

to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 

the  publication    directly,    the    address    and  price  being   given   wherever 

possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list. 

(3a)  Mimoires  et  Compte  Rendu  de*  Tra- 
vaux,  Soc.  Ing.  Civ.  de  France, 
Paris,  France. 

(33)  Le  Genie  Civil.  Paris,  France. 

(34)  Portefeuille  Economique  de*  Ma- 
chines, Paris,  France. 

(35)  NouveUes  Annate*  de  la  Construe- 
tion*  Paris,  France. 

(36)  La  Revue  Technique*  Paris,  France. 
1   Revue  de  Me'canique*  Paris,  France. 

Revue  Generate  des  Chemins  de  fer 
et  dee  Tramways,  Paris,  France. 

Railway  Master  Mechanic*  Chicago, 
111.,  10c. 

(40)  Railway  Age*  Chicago.  I1L,  10c. 

(41)  lfodernAfacfc»nery,Chicaico,Ill.,10c. 
(4a)  Transactions,  Ara.Inst.  Elec.  KxLgra., 

New  York  City,  60c. 

(43)  Annalen  des  Ponts  et  Chaussees* 
Paris,  France. 

(44)  Journal,  Military  Service  Institu- 
tion, Governor's  Island,  New  York 
Harbor,  60c. 

(45)  Mines  and  Minerals*  Scranton,  Pa.. 
20c. 

(46)  Scientific  American*  New  York  City, 
8c. 

(47)  Mechanical  Engineer*  Manchester, 
England. 

(54)  Transactions,  Am.  Soc.  C.  E.,  New 
York  City,  $5. 

(55)  Transactions,  Am.  Soc.  M.  E.,  New 
York  City,  $10. 

(56)  Transactions,  Am.  Inst.  ilin.  Engrs*. 
New  York  City,  $6. 


(1)  Journal.  Assoc.  Eng.  Soc,  867  South 
Fourth  St.,  Philadelphia.  Pa.,  80c. 

(a)  Proceedings*  Eng.  Club  of  Phila.,  1182 
Girard  St.,  Philadelphia,  Pa. 

(3)  Journal,   Franklin    Inst.,    Philadel- 

phia, Pa.,  50c. 

(4)  Journal,  Western  Soc.  of  Engrs.,  Mo- 

nadnock  Block,  Chicago,  111. 

(5)  Transactions*  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Canada. 

(6)  School  of  Mines  Quarterly*  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology  Quarterly*  Mass.    Inst. 

Tech. ,  Boston,  Mass. ,  75c . 

(8)  Stevens  Institute  Indicator*  Stevens 

Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine,   New   York 

City,  26c. 

(10)  Cassier's  Magazine,  New  York  City, 

26c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  26c. 
1  ia)  The  Engineer  (London),  International 
News  Co.,  New  York  City,  85c. 

(13)  Engineering  News,  New  York  City, 

(14)  The  Engineering  Record*  New  York 

City,  12c. 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  Citj,  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  85c. 

(18)  Railway  and   Engineering   Review, 

Chicago,  111.,  10c. 

lio)  Scientific  American  Supplement,  New 
York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land, 25c. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, En  eland,  25c. 

(33)  Bulletin,  American  Iron  and  Steel 

Assoc.,  Philadelphia,  Pa. 

(34)  American   Oas  Light  Journal,  New 

York  City,  10c. 
(as)  American  Engineer,  New  York  City, 

20c. 
(26)  Electrical  Revtew,  London,  England. 
(a7)  Electrical  World  and  Engineer,  New 

York  City,  10c. 
(a  8)  Journal,  New  Ed  eland  Water- Works 

Assoc.,  Boston,  $1. 
(ap)  Journal,  Society  of  Arts,  London, 

England,  15c. 

(30)  Annales    des    Travaux   Publics   de 

Relgique.  Brussels,  Belgium. 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 

des  Ecole  Spiciales  de  Oand*  Brus- 
sels, Belgium. 


8! 

(39) 


(57)  Colliery  Guardian,  London. 
(38)  Proceedings,  "" 


^    Soc.  w.  Pa.,  410 
Penn  Ave.,  Pittsburg,  Pa.,  50c. 

(59)  Transactions,  Mining  Inst,  of  Scot- 

land, London  and  Newcastle-upon- 
Tyne. 

(60)  Municipal    Engineering*    Indianap- 

olis, Ind.,  25c. 

(61)  Proceedings*  Western  Railway  Club, 

225  Dearborn  St.,  Chicago,  111.,  25c. 
(6a)  American  Manufacturer  and  Iron 
World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power.  New  York  City,  20c. 
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AN     INVESTIGATION    OF    THE    PROPERTIES    OF 

BRICK,  UNDER  DIFFERENT  PHYSICAL 

CONDITIONS. 


By  Sherman  M.  Turrill,  Assoc.  Am.  Soc.  C.  £. 
To  be  Presented  April  15th,  1903. 


This  article  is  based  upon  tests  conducted  in  the  Civil  Engineering 
Laboratories  at  Cornell  University,  during  the  early  part  of  the  year 
1901,  by  the  writer,  assisted  by  Professor  C.  L.  Crandall,  with  sug- 
gestions from  Professor  G.  S.  Williams. 

The  methods  of  procedure,  the  results  of  the  tests,  and  the  outline 
of  the  conclusions  are  given;  and  the  writer  hopes  that  a  complete 
discussion  of  the  conclusions  and  a  comparison  of  the  work  with 
preceding  work  in  the  same  line  may  be  brought  out. 

General  Description  op  the  Investigation. 
All  the  brick  used  in  this  investigation  were  common  building 
brick,  made  at  Horseheads,  New  York,  by  the  Horseheads  Brick  Com- 
pany, and  were  of  the  usual  size  (8x4x2  ins.),  but  varied,  more  or 
less,  from  these  dimensions,  being  a  little  less  than  4  ins.  wide  and 
a  little  more  than  2  ins.  thick.  In  their  manufacture  a  mixture  of 
clay  and  shale  was  used,  and  they  were  made  by  the  stiff-mud  process, 
under  modern  methods. 


Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary-  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers,  with  discussion 
in  full,  will  be  published  in  Transactions. 
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The  tests  conducted  were  as  follows: 

Compressive  tests  of  whole  brick  on  end,  edge,  and  flat,  and  of 

brick  cubes; 
Tension  tests; 

Bending  or  transverse  tests; 
Shearing  and  torsion  tests. 
The  conditions  were : 
Natural  brick; 
Brick  filled  with  water; 
Beheated  brick. 
By  "  natural  brick  "  is  meant  brick  in  its  natural  condition  when 
placed  on  the  market.     By  "brick  filled  with  water  "  is  meant  brick 
placed  under  water  for  a  sufficient  period  to  be  thoroughly  saturated 
prior  to  testing,  this  condition  existing  until  the  test  was  completed. 
By  "  reheated  brick  "  is  meant  brick  which  has  been  subjected  to  a 
high  temperature  after  its  entrance  into  the  commercial  world. 

In  making  the  tests  for  compression,  the  bearings  were  ground, 
and,  in  addition,  plaster  of  Paris  and  building  paper  were  used. 
The  cubes  were,  in  general,  2  ins.  square,  two  cubes  being  sawed  from 
one  brick.  In  the  tension  and  torsion  tests,  the  surfaces  were  not 
ground,  but  building  paper  was  used  for  a  bearing.  In  the  shearing 
and  bending  tests,  the  surfaces  were  not  ground,  nor  was  plaster  of 
Paris  or  paper  used  on  the  bearings. 

Purpose  of  the  Investigation. 

The  object  in  carrying  out  these  tests  was  to  ascertain  the  weak 
points  of  a  brick,  and,  as  brick  are  subjected  to  compression,  tension, 
bending,  shear  and  torsion,  to  a  greater  or  less  degree,  it  seemed  best 
to  test  them  under  all  these  conditions  and  compare  the  results. 

In  testing  brick  under  the  three  conditions,  natural,  filled  with 
water,  and  reheated,  the  writer  had  in  mind  brick  used  in  dry  places, 
brick  used  in  wet  places,  and  brick  which  were  to  be  used  again  after 
having  passed  through  a  great  fire. 

In  dealing  with  brick  continually  under  water,  without  taking  into 
consideration  the  effect  of  freezing,  one  might  question  their  strength 
as  compared  with  natural  brick.  In  that  part  of  the  investigation, 
special  pains  were  taken  to  see  that  the  brick  were  placed  under  water 
for  at  least  1£  months,  so  that  they  should  be,  as  nearly  as  possible,  in 
the  actual  condition  of  brick  continually  under  water. 
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In  the  case  of  reheated  brick,  as,  for  example,  those  which  have 
passed  through  a  great  conflagration,  there  is  a  question  as  to  the 
advisability  of  using  such  brick,  and  that  was  one  of  the  reasons  for 
including  this  condition  in  the  investigation.  In  order  to  bring  about 
thiB  condition,  as  well  as  to  find  the  weight  of  the  brick  when  void  of 
moisture,  an  oven  was  built,  Fig.  1,  Plate  XXII,  in  which  the  speci- 
mens were  heated.  After  the  brick  were  cooled,  each.one  was  sounded 
with  a  hammer.  If  it  was  shaky,  it  was  thrown  away;  but  if  it  had  the 
ring  of  a  sound  brick,  it  was  saved  and  tested.  The  question  then 
arose:  "  Is  the  hammer  test  reliable  as  to  the  soundness  of  reheated 
brick?"  The  results  of  these  tests  show  that  it  is,  and  that  by  testing 
reheated  brick  with  a  hammer,  about  12,%"  of  them  were  found  to  be 
shaky. 

Properties  op  the  Brick  Tested. 

Analysis.— The  following  is  an  analysis  of  the  brick  tested: 

Silica (Si  02) 64.61  per  cent. 

Alumina (A1203) 20.10       " 

Iron  oxide (Fe2  03) 6.30      " 

Calcium  oxide. .    (C&  O  ) 6.21       " 

Magnesia (Mg  O ) 2 .50      " 

Sulphur  trioxide (S  Os  ) trace      " 

Loss  on  ignition 0.08      •* 


Total 99.80 


Specific  Gravity 2 .  66 

Absorption  of  Water.  —  In  determining  the  quantity  of  water 
absorbed,  500  brick  of  such  varying  hardnesses  as  would  represent  all 
grades  found  in  building  brick,  were  first  selected.  These  brick  were 
then  placed  in  the  oven  shown  in  Fig.  1.  Plate  XXII,  and  were  subjected 
to  a  high  degree  of  heat,  night  and  day,  for  one  week.  At  the  end  of 
that  time  it  was  found  that  the  moisture  in  the  brick  had  entirely 
disappeared.  Each  brick  was  then  taken  out  of  the  oven  separately 
and  weighed  while  it  still  contained  its  maximum  heat,  the  fire  being 
kept  going  until  every  brick  was  weighed.  The  weight  of  each  of  the 
500  brick  in  the  dry  state  was  ascertained  by  this  means. 

These  500  brick  were  next  placed  under  water  for  about  2  weeks, 
until  they  had  absorbed  all  the  moisture  they  could.     Each  brick  was 


PLATE  XXII. 

PAPER8,  AM.  80C.  C.  E. 

MARCH,  1908. 

TURRILL  ON  PHYSICAL  PROPERTIES 

OF  BRICK. 


Fio.  1.— Brick  Oven,  where  Moisture  in  Brick  Was  Drive*  Off. 


Fig.  2.— Apparatus  Used  in  Determining  the  Elastic  Properties  of  Brick. 
R  =  Rocker  Bearing.  8  =  Scale. 

Q  =  Rocker  Leyer.  T  =  Clamp. 


Papers.] 


PHYSICAL   PROPERTIES  OF  BRICK. 


229 


then  taken  ont  separately  and  weighed,  and  thus  the  weight  of  each 
brick  saturated  with  moisture  was  determined.  Before  weighing,  the 
surplus  water  on  the  surface  was  removed  by  means  of  blotters.  This 
gave  the  two  weights  necessary  for  determining  the  quantity  of 
moisture  absorbed. 

Table  No.  1  shows  the  range  of  absorption  found,  and  is  a  good 
guide  as  to  the  absorption  in  common  building  brick.  In  this  table  it 
is  seen  that  brick  No.  63  has  the  lowest  absorption,  being  only  147.4 
gr.,  which  is  only  1%  of  its  weight  in  the  dry  state;  while  the  highest 
absorbed  490.7  gr.,  which  is  14.19%'  of  its  dry  weight.  The  average 
results  from  the  500  brick  are  also  recorded  in  Table  No.  1,  and  show 
a  larger  percentage  of  absorption  than  is  generally  allowed  in  specifi- 
cations for  common  building  brick.  In  specifications,  in  determining 
the  percentage  of  absorption  to  be  permitted,  the  weights  of  the  natural 
brick  and  bricks  filled  with  water  are  generally  used.  This  method 
would  tend  to  deorease  the  percentage  of  absorption,  as  recorded  in 
Table  No.  1,  and  bring  it  very  close  to  that  specified  generally. 


TABLE  No.  1. — Absorption  op  Wateb  in  Brick. 


Brick  No. 

Weight,  in 
grams, 
before 

immersion. 

Weight,  in 

grams, 

after 

immersion. 

Weight,  in 
grams,  of 

water 
absorbed. 

Percentage 
of  water 
absorbed. 

Remarks. 

42 

1  998.0 

2  106.8 
2  128.5 
2  015.8 

1  995.5 

2  021.2 

1  997.0 

2  012.4 
2  087.0 
2  136.5 
2  129.1 
2  026.5 

2  198.6 

2  249.7 

2  449.1 

2  506.5 

2  222.8 
2  841.8 
2  315.7 
2  211.6 
2  869.4 
2  502.8 
2  462.6 
2  847.8 

200.6 

147.4 

820.6 

490.7 

227.8 
321.6 
818.7 
199.2 
282.4 
366.8 
383.5 
821.3 

10.07 

7.00  | 

15.06 

24.84  -j 

11.89 
15.91 
15.95 
9.89 
18.53 
14.62 
15.66 
15.85 

68 

Very  hard.  Absorbed 
less  water  than  any 

108 

one  of  the  500  brick. 

109 

178 

Very  soft.  Absorbed 
more  water  than  any 
one  of  the  500  brick. 

190 

217 

221 

225 

296 

865 

400 

Averages 

Average     results 
from    600   spe- 
cimens tested.. 

2  058.9 
2  080.52 

2  847.7 
2  861.89 

294.2 
820.87 

14.19 
15.80 

In  constructing  the  oven,  a  hole,  for  an  ash  pit,  was  dug  in  the 
ground,  the  grate  was  placed  on  a  level  with  the  ground,  and  around 
this  was  built  the  oven.     No  bonding  material  was  used  in  the  casing 
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of  the  oven,  the  bricks  being  piled  so  as  to  break  joints  properly.  In 
places  where  beams  were  required,  wrought-iron  pipes  were  used,  and 
the  brick  placed  on  them.  In  order  to  prevent  leakage  of  heat,  as  much 
as  possible,  the  larger  openings  in  the  joints  were  filled  with  sand,  and 
the  roof  was  covered  with  a  thick  layer  of  the  same  substance. 

Method  and  Apparatus  Used  in  Determining  the  Elastic 

Properties. 
All  the  brick  used  in  determining  the  elastic  properties  were  tested 
endwise.  The  initial  load  was  100  lbs.,  and  when  this  load  was 
applied,  the  initial  reading  was  taken.  A  total  load  of  500  lbs.  was 
then  applied  and  a  second  reading  taken.  The  load  was  then 
removed  until  a  total  of  100  lbs.  was  again  obtained  and  a  third 
reading  taken.  A  pressure  of  1  000  lbs.  was  applied  and  a  fourth 
reading  taken.  The  loading  was  again  reduced  to  100  lbs.  and  a  fifth 
reading  taken.  This  method  of  loading,  unloading  and  reading  was 
followed  until  it  became  evident  that  it  would  no  longer  be  safe  to 
allow  the  apparatus  to  remain  attached  to  the  brick.  This  part  of 
the  apparatus  was  then  taken  off,  and  the  brick  was  tested  for  com- 
pression, endwise. 

The  foregoing  method  was  followed  with  each  of  the  bricks,  and 
for  each  four  curves  were  plotted  as  guides  in  determining  its  elastic 
properties.  Two  of  the  curves  were  plotted  from  readings  taken 
from  one  edge,  and  the  other  two  from  the  opposite  edge  of  the 
brick.  The  plotting  of  the  values  on  each  side,  computed  from  the 
differences  of  readings  between  the  initial  and  the  successive  IGO-lb. 
readings,  gives  the  curve  of  permanent  set.  The  two  curves,  one 
on  each  side,  plotted  from  the  values  derived  from  the  differences  , 
of  readings  between  the  initial  loading  and  those  of  500,  1  000,  1  500 
lbs.,  etc.,  respectively,  give  the  curve  of  distortion  under  the  respective 
loadings.  The  average  of  the  curves  of  permanent  set  for  each  brick 
was  ascertained  by  taking  the  arithmetic  mean — that  is,  the  sum  of 
the  two  values  for  the  corresponding  loading  divided  by  two.  The 
same  method  was  followed  in  ascertaining  the  averages  of  the  curves 
of  distortion,  thus  making  two  average  curves  for  each  brick. 

The  apparatus  used  is  shown  in  Fig.  2,  Plate  XXII,  and  consists 
essentially  of  two  sets  of  parts,  those  not  attached  to  the  brick  and 
those  attached  to  the  brick.     In  the  former,  for  each  side  of  the  brick/ 
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I  of  W 
Fig.  1. 


there  is  a  standard  containing  a  telescope  with  vertical  and  horizontal 
slow-motion  screws,  and  a  scale,  S,  graduated  to  centimeters.  The 
latter  consists  of  two  rocker-levers,  Q,  rocker-bearings,  jR,  with  a 
mirror  at  one  end  of  each,  one  of  each  for  each  side  of  the  brick,  and 
a  clamp,  T. 

Where  R  and  the  lower  end  of  Q  would  naturally  bear  against  the 
brick,  a  small  brass  plate,  in  each  place,  was  cemented  to  the  brick, 
giving  a  brass  bearing  for  these  points.    The 
details  at  R  and   the  lower  end  of    Q  are 
shown  in  Fig.  1. 

Now,  as  pressure  is  applied  on  the  end 
of  the  brick,  in  the  direction  of  the  arrow, 
A,  as  shown  in  Fig.  1,  the  inside  corner  of  R 
moves  down,  revolving  about  the  edge  in  the 
groove  of  Q  as  a  center.  By  this  means,  the 
mirror  at  the  end  of  R  moves  through  the 
same  angle  as  R,  thus  giving  different  read- 
ings on  the  scale,  S.  The  clamp,  T>  was 
used  to  hold  Q  and  R  in  position. 

When  a  total  load  of  100  lbs.  was  applied, 
the  investigator  looked  through  the  telescope 
at  the  mirror  and  read  the  scale,  in  centi- 
meters. On  applying  a  heavier  load  on  the  brick,  the  mirror  revolved, 
and  a  reading  higher  up  the  scale  was  obtained.  The  question  then  re- 
solved itself  into  this  form:  How  to  find,  from  the  differences  of  read- 
ings, the  distortions  under  the  respective  loadings?  Being  able  to 
find  the  differences  of  readings  on  the  scale,  then,  by  placing  the  scale, 
S,  at  a  definite  distance  from  the  mirror,  a  constant  was  determined, 
which,  when  divided  into  the  differences  of  scale  readings,  would  give 
the  distortions  per  unit  of  length  for  corresponding  differences  of 
loadings.     This  quantity  is  called  the  constant  of  the  machine. 

The  determination  of  the  constant  for  the  apparatus  is  worked  out 
as  follows : 

Length  of  Q  —  15  cm. 

Horizontal  distance  between  bearings  of  R  =  0.44958  cm. 

Let  the  difference  of  readings  (which  means  the  difference  between 
the  initial  reading  and  any  other  reading  taken  thereafter)  be  denoted 
by  a;  the  distance  from  the  mirror  to  the  scale  is  denoted  by  z.    After 
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a  little  computing,  it  was  found  that,  with  a  constant  of  6  000,  a  con- 
venient value  for  z  was  obtained. 

Let  the  total  amount  of  dis- 
tortion   be    denoted    by    x,   then 
the  distortion  per  unit  of  length       or 
'  x 


IS  = 


15* 


In    the    similar    triangles    of ^^'j^k^T*1 

Fig>  2: 

a  :x  =  z\ 


0.44958 


Fio.  2. 


0.44958  a 


Therefore 


Therefore 


Hence 


2z 


0.44958 
Difference  of  scale  reading. 


Let 


2  distance  of  scale  from  mirror. 
044958 

x  _      Difference  of  scale  reading. 

15  ~~    15  x  2  distance  of  scale  from  mirror. 
0.44958 
=  distortion  per  unit  of  length;   and  is  appli- 
cable to  any  system  of  units. 
15  x  2  distance  of  scale  from  mirror. 


6000  = 


0.44958 


Therefore  z,  distance  of  scale  from  mirror,  == 


6  000  X  0.44958 
2  X15 


x    _  Difference  of  scale  reading. 
T5~~  6000 


=  89.916  cm.  =t=  34.4  ins.  =  2.95  ft. 
Therefore 

Then,  by  placing  the  scale,  St  2.95  ft.  from  the  mirror,  the  distortion 
per  unit  of  length  (  ^  )  was  obtained  at  a  glance. 

By  this  method  the  quantities  used  in  plotting  the  elastic  curves 
were  obtained. 

Compressive  Tests  op  Brick. 

This  set  was  tested  in  the  Riehl<5,  400  000-lb.  testing  machine,  and 
consists  of  brick  on  edge,  on  end,  and  flat,  and  2-in.  cubes,  for  natural, 
filled- with-water,  and  reheated  brick.  The  brick  tested  on  end  were 
first  tested  for  elastic  properties,  and,  after  the  mirror  micrometers 
had  been  removed,  were  tested  for  compression. 
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The  photographs  on  Plates  XXIV,  XXV  and  XXVI  show  that  in 
all  cases  the  fractures  are,  in  general,  double-coned  in  outline,  and  that 
the  apices  of  the  cones  meet  in  the  middle.  It  will  also  be  seen  that 
the  angle  of  the  fracture  with  the  bed-plane  changes  somewhat  accord- 
ing to  the  way  the  bricks  were  tested,  and  varies  more  or  less  from  60 
degrees. 

In  testing  any  material  under  compression  it  is  claimed  that  a  more 
accurate  test  is  obtained  by  using  cubes  instead  of  rectangular  blocks, 
the  theory  being  that  if  tested  on  the  flat  a  considerable  percentage  of 
the  stress  necessary  for  crushing  is  used  up  in  friction,  which  takes 
place  when  the  outside  portion  of  the  brick  is  pushed  away  to  give 
room  for  the  interior  to  crush ,  thus  causing  a  greater  stress  than  is 
necessary  for  crushing.  In  the  case  of  testing  on  edge  and  on  end  it 
is  advanced  that  bending,  as  in  a  column,  is  introduced  to  some  extent. 
In  the  case  of  the  cube  there  is  no  loss  of  stress  due  to  friction  on  the 
bed-plate  or  head-block,  and  no  tendency  to  bending,  as  in  a  column; 
and  these,  alone,  are  good  reasons  for  selecting  the  cube  as  the  ideal 
form  of  test  piece. 

By  comparing  the  averages  shown  in  Tables  Nos.  2  to  8,  it  will 
be  seen  that  in  every  case  brick  on  the  flat  are  the  strongest,  those  on 
edge  next  to  the  strongest,  those  on  end  next  to  the  weakest,  while  the 
cubes  are  the  weakest.  It  will  also  be  seen  that  in  all  cases  reheated 
brick  are  the  strongest,  while  brick  filled  with  water  are  the  weakest 
in  the  end  and  edge  tests,  and  that  natural  brick  are  weakest  in  the 
flat  and  cube  tests.  Taking  the  natural  cube  as  a  standard  test  piece, 
the  percentages  of  increase  have  been  computed  as  follows: 

Cube  of  brick ;  natural 1.0 

Cube  of  brick;  filled  with  water 2.2 

Cube  of  brick;  reheated 4.4 

Natural  brick ;  on  end 15.2 

Natural  brick;  on  edge 27.1 

Natural  brick;  flat 79.3 

Brick  filled  with  water;  on  end 4. 1 

Brick  filled  with  water;  on  edge 22.0 

Brick  filled  with  water;  flat 104.8 

Beheated  brick;  on  end 28.9 

Beheated  brick;  on  edge 49.3 

Beheated  brick;  flat 121.7 
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TABLE  No.  2. — Compressive  Tests  op  Brick  on  End,  for  Natural, 
Filled- with- Water,  and  Reheated  Brick. 


Area 

OF    SECTION, 

Numb  BBS 

IN 

SQUARE 

INCHES. 

i 

3 

5 

| 

1 

hi 

3 

3 

Z>  09 

| 

3 

1* 

■s 

"5 

S* 

© 

55 

i*« 

« 

z 

8.58 

8.6C 

(4 

97 

i 

14 

8.89 

98 

2 

25 

8.91 

8.77 

8.70 

99 

3 

26 

8.54 

8.91 

8.89 

100 

4 

53 

8.70 

8.65 

8.77 

101 

5 

78 

8.65 

8.72 

8.81 

102 

6 

91 

8.70 

8.58 

8.77 

108 

7 

94 

8.72 

8.58 

8.96 

104 

8 

100 

8.81 

8.84 

8.51 

105 

9 

104 

8.15 

8.86 

8.67 

106 

10 

171 

8.58 

8.72 

8.72 

107 

11 

176 

8.72 

8.91 

8.30 

108 

12 

185 

8.22 

8.54 
8.72 

8.58 

Avei 

•ages. 

8.60 

8.72 

Ultimate  load,   in 
pounds  per  8quare 

INCH. 


£ 


8  763 

1  284 

2  742 
2  826 
2  952 
2  783 

1  663 

2  602 
2  101 
8889 
2606 
t  976 


fa 


2092 
8  198 

1  608 

2  281 

1  977 

3  153 
2589 

2  558 
2  280 
2  523 
1  829 
1  802 


2820 


I 


Equivalent  ultouti 
load  per  unit  op 
height,  in  pounds  pes 

i    square  inch. 


3  068 
2  169 

2  717 
2509 

3  446 

1  908 

2  918 
2  843 

1  787 

2  905 
8  886 

4  896 


2  871 


A 

i 

a 

illed  wit 
water. 

1 
i 

e9 

% 

B 

'* 

tf 

80  102 

17  891 

24  *» 

9952 

15  945 

17  848 

22  586 

18  120 

21990 

22  698 

18  393 

20  229 

28  898 

16  004 

28  000 

22  085 

24  486 

15  8* 

18  357 

20  074 

23  711 

21  068 

20  825 

18  9* 

16  874 

19  028 

13  690 

28  802 

21  627 

22  «* 

21  498 

15  059 

31051 

28  808 

14  865 

89  169 

20  986 

18  889 

28  068 

TABLE  No.  3. — Compressive  Tests  of  Brick  on  Edge,  for  Natural, 
Filled- with- Water,  and  Reheated  Brick. 


Area  of  section, 

Ultimate   load,  in 

Equivalent  ultimate 
load   per   unit  op 
height.    in   pounds 

Numbers 

IN 

SQUARE 

POUNDS  PUR  SQUARE 

INCHES 

INCH. 

PER 

BQUARE  INCH. 

JS 

ja 

JQ 

JB 

1 

53 

I 

A 

I 

led  wit 
water. 

heated 

tural. 

If 

1 

•8 

"5 

led  wit 
water. 

heated 

£ 

£ 

X 

19.30 

a 
fa 

2 

CO 

fa 

2  880 

« 

£           S 

109 

18 

194 

17.45 

18.85 

2  187 

3  521 

8  146 

10  580  '  18  427 

110 

14 

283 

17.96 

18.93 

18.00 

3099 

2226 

4  278 

11  711 

8  348      18  984 

111 

15 

2H5 

18.18 

18.34 

18.21 

8  021 

8  284 

2  550 

11  610 

8  1)85       9  404 

112 

16 

412 

18.32 

18.28 

18.35 

3  199 

3  165 

2  722 

12  096 

11  969      10  4*8 

113 

17 

416 

17.96 

IS. 08 

18.14 

2  878 

2  591 

8  438 

10  614 

9  728     18  215 

114 

18 

426 

18.89 

18.72 

18.28 

2  055 

2  445 

8  258 

7  771 

9  245      12  098 

115 

19 

430 

18.61 

18.14 

17.87 

3  050 

2  567 

2  502 

11  628 

10  507       9  617 

116 

20 

459 

18.08 

18.72 

18.28 

2  621 

2  291 

3  605 

9829 

8  590     13  405 

117 

21 

465 

is. as 

18.00 

18.89 

2  949 

2  707 

8  981 

11  150 

10  150  ,  14  864 

118 

22 

467 

17.77 

18.75 

18.89 

1  897 

2  720 

4048 

7290 

8  840  j  15  540 

119 

28 

468 

17.75 

18.00 

18.46 

8  913 

4  104 

2  986 

14  674 

15  007     11  479 

120 

24 

479 

18.21 

18.57 

19.19 

8  164 

2  628 

3  087 

14  459 

9  919      11  867 

1 

Averag 

9S 

18.21 

18.88 

18.24 

2  832 

2  717 

8826 

10  748 

10  122  1  12  447 
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TABLE  No.  4.— Compressive  Tests  op  Brick  on  Plat,  for  Natural, 
Filled-wtth- Water,  and  Reheated  Brick. 


Area  of  section. 

Ultimate     load,     in 

Equivalent    ultimate 
load   per    unit    of 
height,    in    pounds 
per  square  inch. 

Numbers. 

IN    SQUARE 
INCHES.              i 

1 

POUNDS  PER  SQUARE 
INCH. 

5     ! 

a 

s    ; 

3 

1 

£ 

! 

i 

i 

s? 

1! 
1 

1 

08 

8 

Filled    wi 
water. 

1 

i 

i 

it 

1 

I 

121 

26 

128 

31.28 

80.99   81.87 

4  188 

5  893 

5256 

8758 

12  707 

11  662 

122 

26 

160 

81.86   31.85   29.77 

4  810 

4  788 

5783 

9294 

10  049 

12  651 

128 

27 

161 

31.35   31.28   31.11 

5  463 

4  923 

5  891 

12  122 

10  462 

12  572 

124 

28 

181 

31.48  ,31 .85   81.11 

2  791 

4  527 

5  807 

6  104 

8771 

11  775 

125 

29 

189 

81.88   31.86  131.36  , 

3  589 

8359 

8  541 

7  851 

8  925 

7  745 

196 

80 

279 

32.87   81.23  181.74  ; 

2665 

5  613 

3  862 

5  650 

11  402 

8827 

127 

81 

846 

81.23   31.48  131.62  ! 

4  525 

4  583 

4  419 

9898 

10  024 

9804 

128 

82 

411 

81.-18   81. 10   82.12 

8  941 

5  H08 

3  975 

8  745 

11  269 

9  069 

129 

83 

481 

31.97   31.95   80.98 

8  623 

4  005 

4  482 

8089 

8  510 

10  084 

180 

84 

482 

180.85   81.78  i31.H6 

8  999 

8  628 

5792 

8  625 

8089 

12  670 

181 

86 

442 

31.78 

81.86    31.24 

4272 

5039 

6620 

9  078 

11  021 

14  059 

182 

86 

487 

31.11 
81.45 

31.21 

31.48 

4  625 

8097 
4  562 

4  500 

9973 

6  774 

9568 

Average 

s 

31.86 

81.31 

8995 

4  989 

8678 

9  668 

10  882 

TABLE  No.  5.  — Compressive  Tests  op  Natural  Brick. 


Numbers. 


End.  Edge.;  Flat. 


97 
98 
99 
100 
101 
102 
108 
104 
105 
106 
107 
108 


109  121 

110  !  122 


111 
112 
113 
114 
115 
116 
117 
118 
119 
120 


Averages.. 


128 
124 
125 
126 
127 
128 
129 
180 
181 
182 


Area  of  Section, 
in  square 

INCHES. 


Ultimate     load,     in 
pounds  per  square 

INCH. 


End.  Edge.    Flat,   j    End. 


8.58 
8.91 
8.54 
8.70 
8.65 
8.70 
8.72  : 
8.84  | 
8.1C  , 
8.53  ' 
8.72 
8.22 


19.80 
17.981 
18.181 
18.82 
17.96 
18.89 
18.61 
18.08 
18.081 
17.77 
17.75, 
18.21 


8.60     18.21 


81.28 
31.85 
81.85 
31.48 
81.88 
82.87 
31.28 
81.48 
81.97 
80.85 
81.73 
81.11 


3768 

1  284 

2  742 


2  788 

1  668 

2  602 

2  101 

3  889 

2606 

2  978 

Edge. 

2  187 

8099 

3  021 

8  199 

2  878 

2  055 

8  050 

2  621 

2  949 

1  897 

3  918 

8  164 

4  183 

4  310 

5  468 
2  791 
3589 

2  665 
4  525 
8  941 

3  023 

4272 

4  t>25 


i 


81.45       2  628       2  882  ,    8  995 


Equivalent  ultimate 
load  per  unit  of 
hkjoht,  in  pounds 
per  squark  inch. 


Flat.      End.   '  Edge.      Flat. 


80  102 

9  952 

22  536 

22  698 

23  893 
22  085 
18  857 
21  063 
10  874 
5,3  802 
21  498 
28  808 


8  146 
11  711 

11  610 

12  096 

10  614 
7  771 

11  628 

9  82» 

11  150 
7  290 

14  674 

12  459 


8  758 

9294 

12  122 

6  104 

7  851 

5  650 

989S 

8  745 

8039 

8  625 

9  078 

9973 

20  986     10  748       8  678 
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TABLE  No.  6. — Compressive  Tests  of  Brick  Filled  with  Water. 


Numbers. 


1 

1 

18 

2 

14 

8 

15 

4 

16 

5 

17 

6 

18 

7 

19 

8 

20 

9 

21 

10 

22 

11 

28 

12 

24 

25 

26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 


Averages.. 


Area  of  section,  in 
square  inches. 


1 


8.60 
8.77 
8.91 
8.65 
8.72 
8.53 
8.58 
8.84 
8.86 
B.72 
8.91 
8.54 


4 


Ultimate  load,  in 
pounds  PER 

SQUARE  INCH. 


£ 


17.46 

18.98 

18.84 

18.28 

18.68 

18.72  I 

18.14 

18.72 

18.00  : 

18.75 
18.00  | 
18.57 


30.99 
31.85 
81.28 
81.85 
81.86 
81.23 
81.48 
81.10 
81.95 
81.78 
81.86 
31.21 


2  092  I 
|  8  198 

1  603 
!  2  281 
!  1  977 
!  3  158 

2  539 
2  553 

'  2  289 

!  2  523 

I  1  829 

1  802 


.    8.78     18.88  |  81.86 


2  320 


2  880 
2226 
2284 
8  165 
2  594 
2  445 
2  567 
2  291 
2  707 
2  720 
4  104 


2  717 


CO 


5  893 
4  788 
4  923 

4  527 
3  859 

5  613 
4588 
5805 
4005 
3628 
5089 
8  097 


4562 


Equivalent   cltimati 
load    per   unit  OP 

HEIGHT,     IK      POUNDS 
PER    8QDABE  INCH. 


17  891 
25  945 

18  120 

18  898 
16  004 
24  436 
20  074 

20  825 

19  028 

21  527 
15  059 
14  865 


6 

9 

3 

« 

i. 

10  580 

12  707 

8  848 

10  019 

8685 

10  4*2 

11  989 

8771 

9728 

6  926 

9245 

11  408 

10  507 

10  0*4 

8590 

naa 

10  150 

8  510 

8840 

8  089 

15  007 

11  (61 

9  919 

6  774 

18  889  I  10  122 


9068 


TABLE  No.  7. — Compressive  Tests  of  Reheated  Brick. 


Numbers. 

Area  of  section,  in 
square  inches. 

Ultimate  load, 
in  pounds  per 
square  inch. 

1 

1 

"8 

1 

i 

! 

i 

14 

194 

128 

8.89 

18.85 

81.87 

8  063 

8  521 

5256 

25 

288 

160 

8.70 

18.00 

29.77 

2  169 

4278 

5  788 

26 

285 

161 

8.89     18.21 

81.11 

2  717 

2  550 

5  881 

58 

412 

181 

8.77     18.85 

81.11 

2  509 

2  722 

6  807 

78 

416 

189 

8.84     18.14 

81.86 

3  446 

8438 

8  541 

91 

426 

279 

8.77  '  18.28 

81.74 

1  908 

3  253 

3  862 

94 

480 

846 

8.98      17.87 

81.62 

2  918 

2  502 

4  419 

100 

459 

411 

8.51      18.28 

82.12 

2843 

8  605 

3  975 

104 

465 

481 

8.67     18.89 

80.98 

1  787 

3  981 

4  482 

171 

467 

482 

8.72  |  18.89 

81.86 

2905 

4  048 

5  792 

176 

468 

442 

8.80  i  18.46 

81.24 

8  836 

2  986 

6  520 

185 

479 

487 

8.58      19.19 
8.72     18.24 

31.48 

4  896 

3087 

4  500 

Ave 

rages... 

81.31 

2  871 

3  826 

4  989 

Equivalent  ultimate 
load     per    ran  Of 

HEIGHT,       IN      POUNDS 
PER  SQUARE  INCH. 


■6 

S> 

M 

s 

E 

24  699 

18  427 

ii  ate 

17  848 

18  984 

12  651 

21  990 

9  404 

12  572 

20  229 

10  4C2 

11  775 

28  000 

18  215 

7  745 

15  883 

12  096 

8327 

23  711 

9  617 

9  804 

18  962 

18  405 

9  069 

13  680 

14  864 

10  0R4 

22  879 

15  540 

12  670 

31  061 

11  479 

14  069 

89  169 

11  867 

9668 

28  088 

12  447 

10  882 
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TABLE  No.  8. — Compressive  Tests  of  Two  Inch  Cubes  for  Natural, 
Filled- with- Water,  and  Reheated  Brick  Cubes. 


Numbers. 


"Area  of  section,  Ultimate       load,     in 
in  square  pounds    per    square 

inches.  inch. 


Equivalent  ultimate 
load  per  unit  op 
height,  in  pounds 
per  square  inch. 


♦1 
2 
3 

4 


i! 


♦18 
14 
15 
16 


1    l 
I 


3   ijg 


i  I 


«S 


05a 

1*6 

168a 

1526 


5 

17 
18a 

228a 

6 

186 

2286  . 

7 

19 

847a 

8 

20 

8476 

9 

21 

421a 

10 

22 

4216 

11 

28 

447a 

12 

24 

4476 

4.00 
4.13 
4.00 
4.18 
4.18 

4!i9 
4.00 
4.06 
4.88 
4.82 
4.19 
4.00 


4.13 
4.00 
4.19 
4.06 
4.19 
4.18 
4.06 
8.94 
4.18 
4.18 
4.13 
4.18 
4.18 


8.88 
4.18 
8.94  , 
3.94  l 
4.00 

4i06 
4.06 
4.06 
4.00 
8.91 
3.88 
8.94 


Averages |  4.18  .  4.10  |  8.99 


1  760 
8986 

2  830 
2  864 
8406 

m\h\h 

1  851 
1  106 
1  675 
2609 
1  516 
2085 


2  228 


54 

is 


1  467 
8500 

2  549 

2  628 

3  819 
1  640 
1  844 
1  294 
1  094 
1  898 
2838 
1  617 
8  284 


2  278 


Xi 

■8 

j 

"5  is 

3 

t 

s 

w  9 

"85 

Reb 

1 

2828 

8500 

2  984 

2  179 

7970 

7000 

2208 

7  429 

6  691 

2292 

5  728 

5256 

2540 

8933 

7  757 

8  881 

2  709 

4  602 

8  688 

2845 

2  744 

2  5*8 

2  841 

2  247 

2  188 

2  106 

8  160 

2  796 

2  142 

6  849 

5  768 

1  885 

8  159 

3284 

2  888 

4  070 
6  028 

8489 

2326 

4  878 

4556 

4858 
4  278 
4  584 
5080 

"s'iie 

4  690 
6682 
4278 
4  284 
8  716 
4  680 


4688 


*  Nos.  1  and  IS  were  taken  from  the  same  brick,  Nos.  2  and  14  from  another  brick, 
and  the  same  order  was  followed  for  all  the  natural,  and  fllled-with-water  cubes,  except- 
ing In  the  cases  of  Nos.  6, 18a  and  186,  in  which  cases  three  cubes  were  cut  out  of  one 
brick. 


A  large  hole  was  found  in  No.  18a,  and  though  Its  test  is  recorded  in  this  table,  it  is 

t  included  in  the  averages.    No.  186  was  cut  fronr  ^ «—*-._  — ^  ^_  -  ^  • 

included  in  the  averages. 


not  included  in  the  averages.    No.  186  was  cut  from  the  same  brick,  and  its  test 


Taking  tbe  filled-with-water  cube  and  the  reheated  cube  as  stand- 
ards, the  following  percentages  of  increase  have  been  computed: 
2.1,  17.3,  100.7;  23.4,  43.0,  111.9  for  end,  edge,  and  flat,  of  fllled-with- 
water  and  reheated  brick,  respectively.  In  Tables  Nos.  2  to  8  the 
equivalent  ultimate  load  per  unit  of  height  is  given  in  pounds  per 
square  inch.  This  was  obtained  by  multiplying  the  ultimate  load,  in 
pounds  per  square  inch,  by  the  height  of  the  test  piece.  The  object 
of  ascertaining  this  was  to  see  if  some  relation  could  be  shown  between 
tbe  strength  of  a  standard  test  piece  (for  example,  a  cube)  and  any 
other  test  piece,  when  the  ratios  of  the  areas  to  the  heights  are 
given. 

In  regard  to  the  elastic  properties,  the  averages  of  the  results  are 
shown  by  means  of  elastic  curves,  as  seen  in  Figs.  3  and  4  and  Plate 
XXIEL  There  are  two  methods  of  averaging  these  curves,  the  results 
of  one  being  shown  in  Figs.  3  and  4,  and  the  other  on  Plate  XXIII,  and 
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ELASTIC  PROPERTIES  OF 

NATURAL,  FILLED-WITH-WATER 

AND  REHEATED  BRICK. 

CURVES  OF  COMPRESSION 

WHILE  THE  SUCCESSIVE  LOADS 
ARE  BEING  APPLIED* 

FIRST  METHOD  OF  AVERAGES 
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400        000         800       1000       1200       1100       1000       1800       2000       2800       9*00 
Load  in  Pounds  per  Square  Inch 

ELASTIC  PROPERTIES  OF 
NATURAL,  FILLED-WITH-YVATER.  AND  REHEATED  BRICK. 

CURVES  OF  PERMANENT  SET 

AFTER  THE  SUCCESSIVE  LOADS  HAVE  BEEN  APPLIED  AND  THEN  REMOVED 
FTRST  METHOD  OF  AVERAGES 

Fig.  4. 
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each  method  is  divided  into  two  sets,  viz.,  curves  of  compression  I 
curves  of  permanent  set,  for  natural,  filled- with -water,  and  rehea 
brick.     In  the  former  set  the  curves  are  plotted  from  values  obta 
while  the  successive  total  loads  of  100,  500,  1  000,  1  500  lbs.,  etc  J 
were  being  applied,  and  in  the  latter  case  while  the  successive  100-IbJ 
loadings  were  being  applied.     In  these  curves,  the  initial  loading  " 
taken  as   100  lbs.,  which  was  11  lbs.  per  square  inch,  more  or  le 
instead  of  zero.     The  object  in  doing  this  was  to  be  sure  that 
head-block  was  not  removed  from  the  test  piece  after  it  was  ono 
placed,  thus  securing  the  same  bearing,  which  would  not  have  alwa 
been  the  case  had  zero  been  used  for  the  initial  loading. 

All  the  elastic  curves,  marked  M  to  Tt  G  to  Zand  A  to  F,  inclusiv 
are  averages  of  natural,  filled- with -water,  and  reheated  brick,  reap 
ively.     The  method  of  averaging,  in  the  first  set,  Figs.  3  and  4,  takii 
the  natural  brick  as  an  example,  is  as  follows: 

The  total  loadings  reached  by  the  several  bricks,  before  the  rocka 
bearing  and  rocker  lever  were  removed,  were  as  follows: 

Brick  No.    97  "| 

101  I    18  000  lbs. 

104  j 

106  J 

108 17  500  " 

107 17  000  " 

102 16  000  " 

[ 15  000     " 

100  i 

103 14  500     " 

105 11000     " 

98 10  000     " 


Bricks  Nos.  97,   101,  104  and  106  were  averaged  together  up 
18  000  lbs.   loading,  making  an  average  of  four  bricks,  as  shown  ij 
Curve  T.      Brick  No.  108,  together  with  Bricks  Nos.  97,  101,  104  an^ 
106,  were  averaged  up  to  17  500  lbs.,  making  an  average  of  five  brick 
for  17  500  lbs.,  as  shown  in  Curve  S.     Brick  No.  107,  together  wh 
Bricks  Nos.  97,  101,  104,  106  and  108,  were  averaged  up  to  17  000  lbs^ 
making  an  average  of  six  brickB,  as  shown  in  Curve  R.     Brick  No.  1C 
together  with  Bricks  Nos.  97,  101,  104, 106,  107  and  108,  were  average 
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together  tip  to  16  000,  lbs.,  making  an  average  of  seven  bricks,  as 
shown  in  Curve  Q.  This  method  of  averaging  was  followed  for  the 
natural,  reheated,  and  filled- with- water  biick,  each  having  its  own 
independent  averages. 

In  Figs.  3  and  4  the  bricks  included  in  the  averages  for  the  several 
curves  are  as  follows: 

Curve.  Numbers  of  Bricks. 

A Nos.  14,  53,  73,  94,  171,  176  and  185. 

B All  bricks  in  A,  and  No.  26. 

C .All  bricks  in  A,  and  Nos.  26  and  100. 

D All  bricks  in  6\  and  No.  104. 

E .All  bricks  in  C,  and  Nos.  91  and  104. 

F All  bricks  in  E,  and  No.  25. 

O Nos.  2,  7,  8  and  10. 

H Nos.  2,  4,  7,  8  and  10. 

/ Nos.  2,  4,  6,  7,  8,  9  and  10. 

J. Nos.  2,  4,  6  and  7  to  11. 

K Nos.  2,  4  and  5  to  11. 

L Nos.  ltol2. 

M Nos.  97,  101,  104  and  106. 

N Nos.  97,  101,  104,  106  and  108. 

O Nos.  97,  101,  104  and  106  to  108. 

P Nos.  97,  101,  102,  104,  and  106  to  108. 

Q Nos.  97,  99  to  102,  104  and  106  to  108. 

R Nos.  97,  99  to  104  and  106  to  108. 

8 Nos.  97  and  99  to  108. 

T Nos.  97  to  108. 

In  the  second  method,  Plate  XXIII,  only  those  brick  which  were 
loaded  up  to  the  same  point  before  removing  the  mirror  micrometers 
are  averaged  in  one  curve.  Those  bricks  (Nos.  97, 101,  104  and  106), 
carrying  a  loading  of  18  000  lbs.  before  the  removal  of  the  mirror 
micrometers,  are  represented  by  Curve  T;  Curve  S  is  the  average  of 
all  bricks  with  a  loading  of  17  500  lbs.,  which  is  a  single  brick,  No. 
108;  Curve  R  is  made  up  of  the  average  of  all  bricks  with  a  load  of 
17  000  lbs.,  and  consists  of  only  one  brick,  No.  107;  Curve  Q  is  made 
up  of  all  bricks  with  a  load  of  16  000  lbs.,  and  is  a  single  brick,  No. 
102;  Curve  P  is  made  up  of  all  bricks  with  a  load  of  15  000  lbs.,  and 
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consists  of  the  average  of  two  bricks,  Nob.  99  and  100.     This  method 

of  averaging  was  followed  for  the  natural,  reheated  and  fi lled-with- 

water  brick,  each  having  its  own  independent  averages. 

On  Plate  XXIII  the  bricks  included  in  the  averages  for  the  several 

curves  are  as  follows : 

Curve.                                            Number  of  Bricks. 
A No.  25. 

B No.  91. 

C No.  104. 

B No.  100. 

E No.  26. 

F Nos.  73,  14,  176,94,  185,  171  and  53. 

G Nos.  1,  3  and  12. 

H No.  5. 

/ No.  11. 

J Nos.  6  and  9. 

K No.  4. 

L Nos.  2,  7,  8  and  10. 

M. No.  98. 

N No.  105. 

0 No.  103. 

P Nos.  99  and  100. 

Q No.  102. 

E No.  107. 

S No.  108. 

T Nos.  97,  101,  104  and  106. 

The  apparatus  used  in  this  test  was  very  sensitive,  so  sensitive  that 
even  the  vibration  of  the  scale  beam  gave  a  slightly  different  reading. 
After  taking  the  different  readings,  the  differences  of  readings  were 
computed.  The  values  of  the  ordinates  for  the  curves  of  compression 
were  taken  as  the  differences  between  the  initial  readings  and  the 
successive  readings  at  the  loadings  of  500,  1  000,  1  500  lbs.,  etc.,  while 
the  differences  of  readings  for  the  curves  for  permanent  set  mean  the 
differences  between  the  initial  readings  and  the  successive  100-lb. 
readings,  taken  after  the  successive  loads  of  500,  1  000,  15  000  lbs., 
etc.,  had  been  applied. 

By  measuring  an  ordinate  on  a  curve  of  permanent  set  and  reading 
the  value  on  the  load  line,  one  is  able  to  tell  at  a  glance  between  what 
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Fig.  1.— Compressive  Test  of  Natural  Brick. 
Nos.  97  to  108,  Compressed  on  End. 
Nos.  109  to  180,  Compressed  on  Edge. 
Nos.  121  to  182,  Compressed  on  Flat. 


Fio.  2.— Compressive  Test  of  Natural  Brick. 

All  Loose  Pieces  Have  Been  Removed  After  Crushing. 

Upper  Row,  Brick  on  End. 

Lower  Row,  Brick  on  Edge. 
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two  loadings,  on  the  curve  of  compression,  the  100- lb.  reading  was 
taken.  For  example,  suppose  there  is  a  certain  amount  of  distortion, 
measured  by  the  length  of  an  ordinate  for  a  100-lb.  loading,  located  on 
the  load  line  at  427  lbs.  per  square  inch.  This  means  that  after  a  load 
of  427  lbs.  per  square  inch  had  been  applied  for  the  curve  of  compres- 
sion, a  certain  amount  of  permanent  set,  measured  on  that  ordinate, 
took  place  under  the  following  100-lb.  loading. 

As  a  brick  is  made  up  of  a  granular  substance,  more  or  less  irregu- 
larity in  the  elastic  ourves  might  be  expected,  and  that  they  would 
be  likely  to  be  more  irregular  in  natural  brick,  where  the  granular 
particles  are  dry  and  are  thus  unable  to  change  their  relative  positions 
readily  on  account  of  friction,  than  in  the  case  of  brick  filled  with 
water,  where  the  granular  parts  are  wet  and  slippery,  thus  reducing 
friction  to  a  minimum  and  allowing  the  particles  to  adjust  themselves 
more  freely  under  the  respective  loadings;  or  reheated  brick,  where 
the  particles  have  become  more  solidified,  and  are  now  more  of  a  solid 
mass  and  less  granular,  causing  the  brick  to  increase  in  stiffness  and 
its  particles  to  change  their  relative  positions  more  uniformly.  By 
examining  the  elastic  curves,  both  for  compression  and  permanent 
set,  it  will  be  seen  that  this  statement  is  well  substantiated ;  the  curves 
for  the  natural  brick  being  the  most  irregular,  those  for  brick  filled 
with  water  the  most  regular  but  the  weakest  in  stiffness,  while  those 
for  reheated  brick  show  the  greatest  stiffness. 

In  tosting  any  granular  material,  the  theory  is  that  these  particles 
slide  on  one  another,  and  change  their  relative  positions  under  differ- 
ent loadings.  Under  a  certain  loading  the  particles  occupy  certain 
positions,  but  by  applying  a  heavier  loading  they  change  their  relative 
positions,  causing,  for  example,  the  brick  to  shorten.  Now,  by 
releasing  this  loading,  the  particles  adjust  themselves  to  different 
positions.  Upon  applying  a  still  heavier  load  it  is  fonnd,  that  the 
brick  is  not  distorted  as  much  as  under  a  less  loading,  showing  that 
the  particles,  previous  to  this  loading,  had  taken  a  firmer  position, 
and  that  the  irregularities  of  the  curve  are  due  to  the  greater  or  less 
compactness  assumed  by  the  particles  from  time  to  time. 

Modulus  op  EiiASTicrrr. 
The  modulus  of  elasticity  for  compression  was  found  for  the  initial 
loading  and  for  every  500  lbs.  of  loading  up  to  10  000  lbs.  for  each 
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brick,  thus  giving  twenty  moduli  for  each  brick.  The  average  of  these 
twenty  moduli,  which  run  very  uniformly  in  nearly  every  brick,  gave 
the  average  for  the  brick,  as  recorded  in  Table  No.  9.  The  average 
for  the  twelve  brick  of  each  set  is  also  recorded.  The  lowest  modulus 
obtained  in  any  brick  was  500  000  lbs.  per  square  inch,  and  the  highest 
2  500  000  lbs.  per  square  inch.  It  will  be  seen  from  Table  No.  9  that 
reheated  brick  have  the  highest  moduli,  while  brick  filled  with  water 
have  the  lowest. 

TABLE  No.  9. — Moduli  por  Compression,  for  Natural,  Filled- with- 
Water,  and  Reheated  Brick. 


Numbers. 


Moduli  of  elasticity,  in  pounds  i 
square  inch. 


Natural. 

Filled  with 
water. 

Reheated. 

Natural. 

97 

1 

14 

1804  000 

98 

2 

26 

540  000 

99 

8 

26 

1596  000 

100 

4 

58 

1284  000 

101 

5 

78 

1542  000 

102 

6 

91 

1610  000 

108 

7 

94 

796  000 

104 

8 

100 

1178  000 

106 

9 

104 

924  000 

106 

10 

171 

1446  000 

107 

11 

176 

1  102  000 

106 

12 

186 

1815  000 

Average 

s 

1805  000 

Filled  with 
water. 


1011000 

1850000 

749  000 

1205  000 

950  000 

827000 

1855  000 

1122  000 

904  000 

1186  000 

806  000 

894  000 


1026  000 


Reheated. 


1210000 
1056000 
1836  000 
1681000 
1250000 
1828000 
1884  000 
1034  000 
840000 
1278  000 
2200  000 
1828  000 


1862000 


In  computing  the  moduli,  use  was  made  of  Hook's  Law;  that  is, 
the  distortion  is  proportional  to  the  stress,  within  the  elastic  limit. 
Hence  the  moduli  were  obtained  by  dividing  the  stress  by  the  cone- 
sponding  distortion  per  unit  of  length. 

The  writer  would  have  liked  to  determine  also  the  moduli  for  shear, 
torsion,  bending  and  tension,  in  addition  to  that  for  compression,  if 
the  distortions  had  been  of  sufficient  magnitude  to  be  measured. 

Tension  Tests  of  Brick. 

In  making  the  tension  tests  the  Biehle,  400  000-1  b.  testing  machine 
was  used,  the  apparatus  consisting  essentially  of  two  clamps,  one 
for  each  end  of  the  brick,  on  a  pivot  bearing,  as  shown  in  Fig.  5. 

The  rod,  b,  was  attached  to  the  head-block  of  the  testing  machine 
and  was  allowed  considerable  lateral  motion,  so  as  to  adjust  itself  to 
a  direct  pull  on  the  brick  during  testing.     The  square  bar,  a,  was 
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bolted  to  the  spread  portion  of  the  rod,  b9  and  contained  at  its  middle 
a  pivot,  o,  upon  which  plate,  P,  and  the  lower  part  of  the  clamp  had 
its  bearing.     The  plate,  P,  rests  upon  o  with  considerable  range  of 


SECTION  SHOWING 
PIVOT 


CLAMPS  USED  IN  TENSION  TESTS. 
Fio.  5. 

movement,  for  the  sake  of  direct  pull  during  testing,  as  shown  by  the 
cone-shaped  impression  in  Fig.  5.     The  bent  rods,  g,  were  not  attached 


TABLE  No.  10. —Tension  Tests  of  Natural,  Filled- with- Water, 
and  Keheated  Brick. 


Numbers. 

AREA  OF  SECTION,  IN  SOUARR 

Ultimate  load,  in  pounds 

Natural.     . 

INCHES. 

PER  SQUARE  INCH. 

! 

Filled  with 
water. 

i 

I 

Filled  with 
water. 

1 

i 

•8 

1 

6 

it 

1 

& 

l 

85        | 

96 

8.89      1      8.66 

8.51 

269 

801 

411 

8 

86 

188 

8.63      '      8.84 

8.58 

298 

189 

866 

8 

87       i 

148 

8.77      ,      8.84 

8.51 

206 

819 

182 

4 

88       | 

156 

8.78      !      8.67 

858 

188 

818 

168 

5 

SO 

191 

9.11      1      8.96 

8.84 

149 

118 

169 

6 

80 

815 

9.06      |      8.88 

8.89 

127 

204 

149 

7 

81 

881 

8.88      .      8.84 

8.44 

868 

848 

402 

8 

82 

428 

8.67           8.77 

8.56 

111 

186 

816 

9 

83 

488 

8.66 

8.96 

8.60 

882             284 

169 

10 

84 

469 

8.89 

8.66 

8.70 

888 

878 

161 

11 

86 

400 

8.66 

8.89 

8.68 

156 

288 

157 

IS 

88 

491 

9.88 

8.66 

8.70 

107 

188 

268 

Average 

B 

i 
8.88      1      8.76 

8.68 

801      I       809 

286 
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rigidly  to  the  plate,  P,  nor  the  jaws,  w,  but  had  sufficient  play  to  allow 
the  two  jaws,  w%  to  be  separated  so  as  to  accommodate  brick  of  vary- 
ing thicknesses.  "With  the  brick  in  place  it  was  fastened  securely  by 
means  of  the  two  bolts,  e. 

The  results  of  the  tension  tests  are  recorded  in  Table  No.  10.  A 
photograph  of  the  fractures  is  shown  in  Fig.  1,  Plate  XXVII.  The 
results  show  that  reheated  brick  will  stand  a  higher  tensile  strain  than 
those  in  either  of  the  other  conditions,  and  that  brick  filled  with  water 
is  stronger  than  natural  brick. 

Engineers,  in  general,  believe  that  the  cause  of  failure  of  brickwork 
is  due  largely  to  tension,  and  as  the  tensile  strength  of  brick  is  so  low 
and  the  chances  for  stress  under  tension  so  pronounced,  it  looks  as 
though  this  was  one  of  its  weak  points. 

Bending  or  Transverse  Tests  or  Brick. 

In  this  test  the  brick  were  tested  flat,  and  had  no  plaster  of  Paris  or 
ground  surfaces  for  bearings,  but  rested  directly  upon  knife-edges  in 
an  Olsen  testing  machine.  The  distance  between  the  lower  knife- 
edges  was  7  ins.  and  the  top  knife-edge,  to  which  the  load  was  applied, 
was  3J  ins.  from  either  bearing. 

The  results  tabulated  in  this  test  are  the  modulus  of  rupture  or 

stress  in  the  outer  fiber,  p,  and  the  deflection  at  the  center,  Z>.     In  the 

3     PI 
former  case  the  formula  used  was  p  =-„   BTa**  which  is  not  strictly 

justified,  but  customary,  in  these  cross-breaking  tests  of  material  hav- 
ing an  elastic  limit  not  easily  determined.  In  the  latter  case,  during 
the  test,  the  deflection  should  have  been  measured,  and  the  modulus, 

1         PI3 

E,  for  bending,  computed  from  the  formula  I)  =  -^  —  -^ry  t,   which 

formula  is  true  only  within  the' elastic  limit.  The  deflection  was  so 
small  that  the  writer  was  unable  to  measure  it,  but,  wishing  to  give 
Borne  idea  of  the  deflection  in  brick,  he  has  computed  the  deflection 
from  the  foregoing  formula,  by  using  the  breaking  load  and  the 
modulus  for  compression.  The  true  value  of  I)  would  undoubtedly 
be  smaller  than  the  value  obtained,  as  P,  within  the  elastic  limit, 
is  somewhat  smaller,  and  the  modulus  for  bending  considerably 
larger,  than  for  compression. 


*  Johnson's  "  Materials  of  Construction." 
t  Church's  "  Mechanics  of  Engineering." 
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In  the  foregoing  formulas: 

P  =  load  at  center; 

/  =  length  of  brick ; 

b  =  width  of  brick; 

h  —  height  of  brick; 

I  =  moment  of  inertia  of  the  section. 
The  theory  has  been  advanced  that  the  fibers  above  the  neutral 
axis  of  a  simple  beam  nnder  any  loading  are  in  compression,  while 
those  below  are  in  tension.  A  comparison  of  the  results  shown  in 
Table  No.  10  with  those  in  Tables  Nos.  2  to  8,  for  tension  and  com- 
pression, respectively,  will  show  that  bricks  are  weaker  in  the  former 
tests  than  in  the  latter.  From  this,  it  would  be  inferred,  naturally, 
that,  as  the  vertical  shear  at  the  center  is  zero,  the  brick  broke  in 
tension.  Upon  looking  at  Table  No.  11  it  will  be  seen  that  the  stress  in 
the  outer  fiber  is  a  little  more  than  half  the  total  load,  and  is  larger  than 
that  caused  by  tension.  The  following  question  now  arises.  "The 
excess  of  stress  in  the  outer  fiber,  over  that  of  tension,  is  taken  up  in 
what  forms  of  distortion?  "  This  excess  of  stress,  in  all  probability, 
is  taken  up  mostly  in  compression,  while  a  small  portion  of  it, 
undoubtedly,  is  absorbed  by  horizontal  shear. 

TABLE  No.  11. — Transverse  ob  Bending  Tests  of  Natural,  FujLed- 
wtth-Wateb,  and  Reheated  Brick. 


Numbers. 

Total  load  at  center, 
in  pounds. 

Stress  in  outer  fiber 
under  breaking  load, 
in  pounds  per  square 

INCH. 

Deflection     at     the 
center  under  break- 
ing load,  in  inches. 

X 

-    1 

x: 

ii 

E 

1 

I 

■ 

1 
I 

h 
it 

1 

1  080 

i 

i 

i 
1 

1 

9 

3 

55 

1 

& 

37 

61 

11 

1720 

1  280 

921 

696 

509 

0.0026 

0.0025 

0.0018 

88 

68 

89 

1  060 

1  440 

1  800 

537 

785 

871 

0.0015 

0.0026 

0.0026 

89 

68 

908 

1  380 

1  060 

1  270 

789 

542 

644 

0.0021 

0.0019 

n.0017 
0.0029 

40 

64 

860 

020 

1  870 

2000 

459 

788 

1  097 

0.0012 

0.0026 

41 

66 

871 

1  410 

1  880 

1  590 

782 

987 

782 

0.0028     0.0082 

0.0021 

42       06 

870 

1  470 

1  500 

1  510 

772 

809 

821 

0.0021 

0.0029 

0.0022 

48  i    67 

401 

1  180 

1  690 

1  190 

637 

915 

642 

0.0018 

0  0033 

0.0017 

44  '    68 

488 

2000 

1  720 

1  880 

1  125 

1  019 

780 

0.0081 

0.0088 

0.0019 

45  ,    6ft 

466 

1  880 

1  680 

1  770 

1  131 

906 

669 

0.0032 

0.0082 

6.0015 

46  •    70 

472 

1  990 

1  580 

1  980 

1  101 

775 

1  077 

0.0081 

0.0027 

0*0029 

47  ;     71 

480 

1  820 

1  720 

2  000 

1  026 

797 

1  056 

,  0.0029 

0.0026 

0.0027 

48       78 

1 

488 

1990 

1  090 

1  960 

1  126 

495 

991 

i  0.0081 

0.0017 
0.0027 

0.0025 

Averages 

1  660 

1  490 

1  600 

868 

788 

882 

0.0024 

,  0.0022 

i 
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In  these  tests  it  will  be  noticed,  upon  referring  to  Table  No.  12,  that 
each  brick  was  divided  into  halves,  and  that  a  record  of  the  test  of 
each  half  is  shown.  It  will  be  seen  that  there  is  quite  a  difference  in 
the  strength  of  the  two  halves,  showing  that  a  single  brick  in  itself  is 
not  perfectly  homogeneous. 

TABLE  No.   12.— Shearing  Tests  of  Natubal,  Filled-with- Water, 
and  Reheated  Brick. 


Ultimate  load,  in 

POUNDS  PER 

SQUARE  INCH. 

Numbers. 

Area  of  section, 

in  square  inches. 

First  half -brick. 

Second  half -brick. 

Averages. 

I 

25 



9 

! 

It 

1 

1 

5 
H 

en 

1 
s 

I 

1 

I 

5 

j 

* 

1 

1' 

1 
i 

1 

8.58 

8.96 

8.89 

588 

188 

849 

686 

179 

568 

610 

158 

466 

3 

86  |    68   8-89 

8.88 

8.65 

871 

585 

497 

867 

705 

514 

869 

620       606 

8 

87     189|  8.88 

8.58 

8.58 

880 

186 

862 

880 

886 

271 

855 

286       806 

4 

88  1  818l  8.77 

8.00 

8.66 

881 

800 

509 

885 

625 

512 

888 

712 

510 

5 

89  1  886;  8.77 

8.79 

8.51 

274 

210 

544 

810 

819 

670 

292 

266 

607 

6 

80  1  861    8.65 

8.69 

8.84 

458 

685 

548 

768 

858 

480 

608 

619 

486 

7 

81     865   8.84 

8.77 

8.68 

879 

819 

518 

358 

506 

618 

816 

412 

565 

8 

82  1  450   8.84 

8.65 

8.44 

588 

809 

461 

507 

116 

409 

518 

218 

436 

9 

88  1  4691  8.44 

6.84 

8.65 

585 

886 

870 

476 

411 

403 

580 

324 

886 

10 

84     4751  7.98 

8.46 

8.79 

908 

855 

165 

548 

698 

198 

785 

584 

182 

11 

85  1  477:  8.13 

8.87 

8.68 

492 

898 

554 

228 

885 

892 

868 

864       423 

18 

86  >  495   8.46 

8.77 
8.56 

8.89 

818 

858 

484 

449 

880 

579 

880 

816       696 

Averages 

8.55 

8.68 

454 

860 

488 

487 

409 

454 

446 

884  !    446 

It  is  regretted  that  the  moduli  for  shearing  could  not  be  obtained, 
for  the  reason  that  the  deflections  were  so  small  that  they  could  not  be 
measured. 

The  fractures  produced  by  these  tests  are  shown  in  Fig.  2,  Plate 
XXVII.   The  machine  used  was  the  Riehle\  400  000-lb. 
testing  machine,  to  which  was  attached  the  apparatus 
shown  in  Fig.  6. 

The  upper  shear  is  denoted  by  A,  which  was  at- 
tached to  the  upper  head-block,  while  the  lower 
shear  is  marked  C,  and  was  attached  to  the  bed -plate. 
The  face  of  each  shear  is  on  the  same  vertical  plane, 
which  is  the  center  of  the  machine, 
shown  in  place  at  B. 


Fig.  6. 
The  half-brick  to  be  tested  is 
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Torsional  Tests  of  Brick. 

As  far  as  the  writer  knows,  brick  has  never  before  been  tested  in 
this  manner.  Although,  in  actual  brick  construction,  the  stresses 
produced  under  this  form  of  strain  are  very  small  and  practically  neg- 
ligible, it  was  thought  that  it  would  be  of  interest  to  make  snch  a  test; 
thus  completing  a  set  of  tests  of  all  the  forms  of  strain  to  which  a 
brick  can  be  subjected  under  ordinary  engineering  operations. 

In  conducting  this  test,  the  Thurston  Autographic  Testing  Machine, 
sometimes  spoken  of  as  Thurston's  Torsion  Testing  Machine,  was 
used.* 

The  machine  consists,  essentially,  of  a  pendulum,  a  drum,  a  curved 
guide  by  which  a  pencil  arm  is  moved  and  traces  upon  the  drum  a  per- 
manent record,  as  shown  in  Figs.  9,  10  and  11.  The  test  piece  is  held 
in  place  between  the  pendulum  and  the  drum  by  two  jaws. 


~0°  W  *>J  dO"  40^  50*  60  TO  80 J  90 

Fig.  7. 

In  carrying  out  the  torsional  tests  the  writer  first  standardized  or 

found  the  constant  of  the  machine,  as  follows:   A  piece  of  paper  was 

first  placed  in  the  drum  while  it  was  undamped  on  the  shaft,  with  the 

upper  end  of  the  pencil  rod  in  the  hollow  of  the  curved  guide  and  the 

pencil  on  the  drum,  while  it  was  turned  through  180°,  more  or  less, 

thus  ruling  the  base  line  A  B,  as  shown  in  Fig.  7,  from  which  the 

ordinates  are  measured.     As  the  pendulum  was  raised  to  a  horizontal 

position,  the  pencil  traced,  on  the  paper  in  the  drum,  which  was  now 

damped,  the  curve  of  the  constant,  as  shown  in  Fig.  7.    The  pendulum 

*  A  description  and  Illustrations  of  the  working  parts  of  this  machine  may  be  found 
in  Thurston's  "  Materials  of  Engineering,"  pp.  878  etseq.  Reference  may  also  be  made 
to  Carpenter's  "  Experimental  Engineering,0  p.  96. 
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in  the  horizontal  position  was  found  to  weigh  121  lbs.  at  the  center  of 
gravity  of  the  weight,  which  was  4. 16  ft.  from  the  center  of  the  head. 
The  circumference  of  the  drum  was  fonnd  to  be 36  ins., which  indicated 
that  each  inch  on  the  base  line  was  equivalent  to  an  angular  distance 
of  10°  for  both  pencil  and  pendulum. 

Sufficient  data  having  been  obtained,  the  constant  of  the  machine 
was  derived,  as  follows: 

Pa  =  121  lbs.  x  4.16ft. 

=  503.36  foot-pounds,  the  moment  for  the  90°  position  of  the 
pendulum. 
The  length  of  the  ordinate  for  the  90°  position  is  4.4  ins.,  and,  as  the 
constant  of  the  machine  is  503.36  foot-pounds,  4.4  ins.  =  114.4  foot- 
pounds per  inch  of  ordinate.  The  presence  of  some  journal  friction 
would  necessitate  this  being  accounted  for  in  determining  the  final 
results.      The  pull  at  the  center  of  , — *P 

the  weight  and  4.16  ft.  from  the  cen- 
ter of  the  drum,  to  overcome  the 
journal  friction  and  hence  pull  the 
pendulum  from  its  vertical  position, 
was  equivalent  to  If  lbs.  The  con- 
stant for  friction,  or  the  frictional 
moment,  is  1J  lbs.  x  4.16  ft.  =  7.80 
foot-pounds. 

The  test  piece  being  rectangular 
in  section,  the  theoretical  results 
obtained  by  Grashof  were  taken.     See  Fig.  8. 

Let  L  =  length  of  brick  actually  subjected  to  torsion; 

Px  =  maximum  shearing  stress  in  the  outer  fiber  (which  will 

9  Pa 

occur  at  the  middle  of  the  loug  side,  at  m)  =    x-  X  — .  —  c  ; 

a  =  angle  of  torsion,  which  (in  it  measure),  for  a  length,  I, 


Fig.  8. 


w  PaL       r2  ,     cz     , 

X       „--  X  b2  +  —  c\ 


E 


Of  course,  these  formulas  only  apply  if  the  elastic  limit  is  not 
passed.  To  use  them  beyond  this  limit  gives  only  approximate  re- 
sults, but,  nevertheless,  this  is  the  best  that  can  be  done,  under  the 
circumstances . 
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TABLE  No.  13.—  Torsional  Tests  of  Natural,  Filled-with- Water, 

and  Reheated  Brick. 

Shearing  Stress  in  the  Outer  Fiber. 


Numbers. 


.c 

*i 

*u 

s 

§ 

•d* 

®* 

C8 

fc 

t* 

87 

61 

88 

62 

89 

68 

40 

64 

41 

65 

42 

6f 

48 

6? 

44 

68 

46 

69 

46 

70 

47 

71 

48 

72 

18 
148 
208 
206 
211 
219 
888 
40* 
456 
456 
489 
498 


Averages. 


Natural  brick. 


Brick  filled  with 

WATER, 


Reheated  brick. 


0.229 
0.226 
0.219 
0.225 
0.251 
0.247 
0.253 
0.249 
0.233 
0.251 
0.244 
0.288 


1%: 

a*r§!  ; 

uft 


414 
626 
532 
402 
750 
817 
626 
724 
552 
658 
517 
790 


609 


0.219 
0.229 
0.229 
0.221 
0.221 
0.225 
0.281 
0.275 
0.278 
0.281 
0.264 
0.289 


508 
462 
258 
261 
868 
870 
910 
759 
598 
784 


518 


u~"  t- 

$1*4 

Sea1 

i 

a 

3S£ 

IKI 

6 

0.228 

559 

0.233 

470 

0.228 

824 

0.242 

659 

0.168 

325 

0.217 

422 

0.169 

410 

0.229 

608 

0.213 

868 

0.218 

420 

0.218 

410 

0.219 

881 

0.213 

487 

TABLE  No.  14. — Torsional  Tests  of  Natural,  Filled- with- Wateb, 

and  Reheated  Brick. 

Modulus  of  Elasticity  for  Shearing. 


Number. 


i 

A 

1  i 

*      . 

1 

%li 

1 

£ 

V 

a 

87 

61 

13 

88 

62 

148 

89 

63 

203 

40 

64 

206 

41        ' 

65 

211 

42 

66 

219 

43 

67 

881 

44 

68 

402 

46 

69 

455 

46 

70 

456 

47 

71 

486 

48 

72 

498 

Reheated  brick. 


Averages. 
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Tables  Nos.  13  and  14  show  that  there  has  been  found  by  torsional 
tests,  shearing  stresses  in  the  outer  fiber,  and  the  modulus  of  elasticity 
for  shearing,  in  pounds  per  square  inch,  under  the  breaking  load, 
the  values  in  these  tables  being  for  the  ordinates  shown  in  dotted  lines 
in  Figs.  9,  10  and  11. 

In  arranging  these  two  tables,  both   constants  and  stresses  were 

given  for  each  set  of  brick,  thus  enabling  the  reader  to  find  the  stresses 

for  other  ordinates  of  the  curves  of  torsion,  by  means  of  the  constant 

and  measurement  of  ordinates  and  abscissas.      The  constant  in  the 

9  1 

table  of  shearing  stresses  is  equal  to  -»-   X  j-t-  which  is  a  portion  of 

9       Pa 
the  formula  p6  =  -   -  X  y%~ ;  while  the  constant  in  the  table  of  moduli  is 

equal  to  -  -  X  x    .,    s     (ax  being  the  value  of  10°,  expressed  in 

it  measure),  which  is  a  portion  of  the  formula 
9  PaL         b2  <? 


X 


2  •  ~       E6  b*  c*  l 

times  the  length,  in  inches,  of  the  abscissa  in  question.  The 
shearing  stress  for  any  ordinate,  therefore,  is  the  constant  of  the 
machine,  expressed  in  inch-pounds,  multiplied  by  the  length  of  the 
ordinate,  in  inches,  plus  the  frictional  constant,  in  inch-pounds,  which 
sum  is  P  a,  in  the  formula,  and  is  multiplied  by  the  constant  in  Table 
No.  13.  The  modulus  for  any  ordinate  is  P  a,  divided  by  the  corre- 
sponding abscissa,  multiplied  by  the  constant  in  Table  No.  14. 

The  photograph,  Fig.  2,  Plate  XXVI,  shows  the  specimens  which 
were  submitted  to  torsional  tests — natural  brick  in  the  upper  row, 
reheated  brick  in  the  middle  row,  and  brick  filled  with  water  in  the 
bottom  row.  In  all  these  three  tests  it  will  be  seen  that  the  corners 
gave  way  first,  followed  in  most  cases  by  a  series  of  thin  parallel 
curved  planes.  In  no  case  did  the  failure  take  place  in  the  central 
portion  of  the  brick,  nor,  with  such  a  brittle  material,  is  it  ever  likely 
to  take  place  there,  unless  the  area  of  this  portion  is  reduced  consider- 
ably from  what  it  is  at  the  points  where  the  test  piece  is  held. 

The  distance  the  grips  extend  into  the  brick  would  have  some  bear- 
ing upon  the  number  of  parallel  planes  broken  off  and  the  distance  of 
these  planes  from  the  corner.  The  farther  the  grip  extends  into  the 
test  piece,  the  more  remote  from  the  corner  will  the  planes  break  off, 
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and  the  greater  will  be  their  number,  while  the  distance  between  the 
parallel  planes  remains  the  same.  The  tendency  in  the  brick  is  to 
break  off  at  both  of  its  corners  at  one  end  and  turn  around,  with  the 
center  of  each  end  as  an  axis,  as  in  Brick  No.  46,  in  Fig.  9.  Sometimes 
the  corners  on  ends  diagonally  opposite  each  other,  or  on  the  same 
edge,  will  fail  first,  leaving  the  brick  between  the  grips,  in  a  skew  or 
square,  respectively,  as  shown  in  Bricks  Nos.  219  and  66,  Pigs.  10  and 
11.  In  the  foregoing  tests  the  grip  or  jaw  extended  into  the  brick, 
which  was  held  in  place  by  wedges. 

By  examining  the  curves  of  torsion  in  Figs.  9,  10  and  11,  it  will  be 
seen  that  there  is  more  or  less  irregularity  in  the  curves;  indicating 
that  the  brick  failed  all  at  once  or  by  degrees.  The  most  regular 
curves  are  where  they  failed  at  once;  the  irregular  curves  are  where 
they  failed  by  degrees.  The  more  the  irregularity  of  the  curve,  the 
greater  number  of  stages  during  failure,  and,  hence,  the  greater  num- 
ber of  thin  parallel  planes. 

By  studying  Tables  Nos.  13  and  14,  and  the  curves  of  torsion,  it 
will  be  seen  that  the  natural  brick  stood  the  highest  in  shear,  -and  the 
reheated  brick  in  moduli.  The  highest  special  brick  in  shear  is  No.  68, 
tested  filled  with  water;  while  the  highest  in  moduli  is  No.  62,  which  was 
also  tested  filled  with  water.  It  will  be  noticed  that  those  bricks  having 
curves  with  the  longest  ordinates  are  the  highest  bricks  in  shear,  while 
those  which  have  the  shortest  abscissas  are  the  largest  in  moduli. 

Conclusion. 

In  comparing  the  tables  for  the  strength  of  the  brick  under  dif- 
ferent strains,  one  finds  the  following  order  of  increase  in  strength, 
namely,  tension,  shear,  torsion,  bending,  compression. 

This  order  would  naturally  lead  one  to  believe  that  the  least  im- 
portant test  was  that  of  compression,  and  the  most  important  that  of 
tension,  the  others  occupying  places  in  the  order  given.  But  this  does 
not  follow,  necessarily,  for  strains  set  up  in  certain  directions  are 
more  marked  than  in  others.  For  example,  torsion  would  stand  third 
in  importance  if  rated  in  this  way,  but  the  writer  believes  this  to  be 
the  least  important  test,  because  in  brickwork  torsional  strains  are 
less  likely  to  be  set  up  than  any  other  form  of  strain. 

The  most  important  tests  are  tension  and  compression,  as  these 
strains  are  more  likely  to  occur  than  any  others,  and,  of  these,  tension 
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is  the  more  important,  as  it  is  the  weaker  stress,  and,  when  brickwork 
fails,  bulging  is  brought  out  very  prominently,  and  this  produces 
tensional  strains,  and,  to  a  less  marked  degree,  bending  and  shear. 
Of  the  two  remaining  forms,  bending  is  more  important  than  shear, 
as  strain  along  this  line  is  more  likely  to  occur  than  in  shear,  although 
shear  shows  the  weaker  stress. 

As  to  the  best  kind  of  brick  to  use,  the  tables  and  the  curves  of 
distortion  show  results  decidedly  in  favor  of  reheated  brick;  but, 
taking  into  account  the  expense  of  preparing  reheated  brick  and  the 
loss  of  12%  of  them,  it  would  be  cheaper  to  use  enough  extra  natural 
brick  to  make  up  the  excess  of  strength  found  in  reheated  brick, 
unless  the  reheating  has  been  done  in  a  conflagration.  Natural  brick 
and  brick  filled  with  water  show  about  the  same  results,  so  that,  in 
general,  the  water  does  not  impair  the  strength  of  the  brick. 

In  the  compression  test,  the  brick  on  flat  are  the  strongest,  while 
the  brick  cubes  are  the  weakest,  and  the  brick  on  end  are  weaker  than 
those  on  edge.  In  this  test  the  pieces  are  2,  4  and  8  ins.  in  height, 
from  which  the  strength  for  a  square  inch  for  the  respective  heights 
can  be  computed.  The  question  comes'  up:  What  would  be  the 
strength  of  each  of  these  specimens  if  it  were  only  1  in.  high?  The 
writer  has  assumed  that  the  specimens  would  increase  in  strength  per 
square  inch  as  many  times  as  the  specimen  is  inches  in  height,  and  has, 
as  a  result,  the  figures  given  in  the  columns  headed,  "  Equivalent 
ultimate  load  per  unit  of  height,  in  pounds  per  square  inch."  The 
results  show  that  this  assumption  is  wrong,  and  that  some  other  ratio 
of  the  height  exists.  What  this  is  can  be  found  more  satisfactorily  by 
tests  than  by  assumptions. 

By  looking  at  the  shearing  and  torsional  tests,  Tables  Nos.  12  and 
13,  respectively,  it  is  seen  that  those  in  Table  No.  12  are  for  direct 
shear,  and  those  in  Table  No.  13  are  for  shear  in  the  outer  fiber,  caused 
by  torsional  strain.  In  the  case  of  reheated  brick,  the  stresses  are 
about  the  same  in  both  tables,  those  in  No.  13  being  a  little  larger, 
while  the  greatest  difference  is  in  the  natural  brick,  those  in  Table 
No.  13  being  about  one  and  one-half  times  those  found  in  Table  No. 
12.     In  these  two  tables  the  important  test  is  that  of  direct  shear. 
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The  rock-fill  dam  described  in  this  paper  was  designed  by  the 
writer  for  George  Crocker,  Esq.,  to  impound  a  gravity  water  supply 
for  his  estate  at  Darlington,  near  Ramseys,  New  Jersey. 

The  site  selected  was  at  the  head  of  a  ravine  where  the  hills 
widened  out,  forming  a  natural  bed  for  a  lake.  The  site  was  about 
250  ft.  above  the  farm  buildings  in  the  valley  of  the  Ramapo  River, 
and  about  65  ft.  above  the  point  selected  for  the  new  residence. 

The  small  brook  running  down  the  ravine  had  a  probable  summer 
average  flow  of  from  9  to  10  cu.  ft.  per  second.  During  extreme  fresh- 
ets, this  flow  was  increased  rapidly,  probably  to  sixty  or  seventy  fold, 
as,  owing  to  the  rocky  formation  of  the  hills  in  this  locality,  the  run- 
off and  rainfall  are  nearly  equal. 

A  dam  height  of  20  ft.  was  decided  upon  as  being  sufficient  to  im- 
pound about  11 J  acres  of  lake  surface.  The  length  along  the  crest 
was  235  ft. 

Rock  outcropped  on  the  east  side  of  the  brook,  but  disappeared  on 
the  west  side.  Test  pits  dug  on  the  latter  side  showed  the  covering 
to  consist  of:  Gravel  and  soil,  1  ft.  6  ins.;  mixed  sand,  gravel  and 
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clay,  9  ft.  6  ins.,  and  blue  clay  beneath.  The  outcropping  rook  was 
found  to  be  seamy  and  somewhat  broken.  The  approach  to  the  site, 
by  road,  was  difficult,  due  to  the  steep  incline.  The  problem,  there- 
fore, was  the  design  of  some  form  of  dam  which  would  be  easy  to  erect 
and  would  require  the  least  amount  of  falsework  or  contractor's  appa- 
ratus. 

Under  the  foregoing  conditions  it  was  decided  that  a  rock-fill  dam, 
backed  with  earth  on  the  water  side,  was  the  most  expedient.  Further- 
more, the  cost  of  such  a  dam  was  estimated  to  be  less  than  one-third 
of  the  cost  of  a  masonry  dam  of  equal  size. 

The  general  plan  and  down-stream  elevation  are  shown  in  Fig.  1. 
the  cross-section  in  Fig.  2,  and  the  gate-house  in  Fig.  3 

The  rock  on  the  east  bank  was  blasted  out,  so  as  to  provide  a  foun- 
dation for  the  gate-house,  and  the  surface  rock  was  prepared  to  re- 
ceive the  rock-fill.  All  seams  and  cracks  in  the  rock  were  pointed 
carefully  with  Portland  cement. 

The  earth  and  soil,  for  a  depth  of  about  18  ins.,  was  removed  from 
the  site  of  the  dam  between  the  up-  and  down-stream  toes.  A  trench, 
about  30  ins.  deep,  was  then  dug  along  the  up-stream  toe,  and  a  double 
row  of  sheet-piles,  with  lapped  joints,  was  driven.  These  piles  were 
3  ins.  thick,  and  were  driven  until  rock  was  reached  or  the  end  en- 
tered the  blue-clay  stratum.  In  no  place  did  they  exceed  14  ft.  in 
length. 

The  gate-house  and  blow-off  pipes  were  then  constructed.  The  gate- 
house was  built  of  rubble  masonry,  laid  in  Portland  cement  mortar 
consisting  of  1  unit  by  measure  of  cement  to  2J  units  of  sand. 
The  grooves  for  the  gates  and  screens  were  six-hammered.  The  top 
was  finished  with  a  cut-stone  coping,  filled  flush  at  the  center  with 
concrete. 

The  blow-off  pipes  were  36  ins.  in  diameter,  and  were  of  steel,  i  in. 
in  thickness,  stiffened  every  10  ft.  by  3  x  3-in.  angles,  which  also  acted 
as  water  stops.  The  sheets  were  single-riveted  and  caulked.  These 
pipes  were  bedded  in  concrete,  which  was  tamped  closely  under  and 
around  them. 

Ridges  were  left  in  the  concrete  to  act  as  water  stops  and  to  hold 
the  rock  fill  and  earth  in  place. 

When  sufficient  work  had  been  accomplished  on  the  gate-house 
and  blow-offs,  the  rock  fill  was  commenced.     By  thus  regulating  the 
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work,  the  brook  was  allowed  to  follow  its  natural  course  until  the  rock 
fill  began  to  dam  it  up,  when  the  water  was  passed  through  the  lower 
of  the  blow-off  pipes.  The  work  could  thus  be  carried  on  from  begin- 
ning to  end  in  a  dry  state  and  without  the  use  of  coffer-dams  or  other 
falsework. 

The  rock  fill  was  made  from  stone,  blasted  out  of  the  hillside,  loaded 
on  wagons  and  simply  dumped  on  the  work.  Care  was  taken  to  build 
up  the  wall  in  horizontal  layers,  and  to  use  a  sufficient  quantity  of 
small  stones  and  spawls  to  fill  the  voids  as  full  as  possible.  The  stone 
carts  were  driven  over  the  work  as  it  progressed,  in  order  to  help  jar 
and  pack  the  stones.  The  stones  were  all  cleaned  carefully  before  being 
put  into  the  wall;  and,  in  shape,  were  rough  and  jagged,  all  smooth 
stones  being  rejected. 

The  best-shaped  stones  were  reserved  for  hand  placing  on  the  two 
faces.  On  the  down-stream  face,  the  hand  packing  was  about  5  ft. 
thick,  and  on  the  up-stream  face  from  5  ft.  at  the  crest  to  10  ft.  at  the 
toe.  This  hand  packing  resembled  dry  rubble  masonry,  and  was  car- 
ried up  a  little  in  advance  of  the  center  filling.  Its  object  on  the  up- 
stream face  was  to  help  make  the  dam  water-tight  by  offering  narrow 
and  broken  joints,  which  would  retain  the  matter  carried  in  by  leak- 
age. On  the  down-stream  face,  the  object  was  to  permit  the  dam  to 
overflow  without  material  injury.  No  spillway  was  provided  in  the 
crest,  because  the  dam  was  intended  to  be  used  as  a  driveway  during  the 
summer  season.  It  is  only  at  rare  intervals  that  the  dam  is  expected 
to  overflow,  and  the  long  crest  will  allow  ample  way  for  the  water, 
which  will  not  be  more  than  a  few  inches  in  depth  on  the  merest,  even 
at  periods  of  worst  flood.  Such  floods  last  only  a  short  time.  Should 
injury  be  done  by  ice  or  overflow,  the  damage  can  be  easily  repaired. 

The  earth  fill  consisted  almost  entirely  of  clay,  which,  luckily,  was 
more  abundant  than  had  at  first  been  anticipated.  It  was  carried  up 
in  horizontal  layers,  about  6  ins.  in  thickness,  and  each  layer  was  well 
watered  and  rolled  with  a  grooved  two-horse  roller.  The  water  side 
was  paved  above  the  berm  with  flat  stones,  laid  so  as  to  have  an 
average  depth  of  12  ins.     This  was  done  as  a  protection  against  ice. 

At  the  east  end  of  the  crest,  a  rubble  stone  abutment  was  built, 
and  a  light,  steel- truss  bridge  extended  to  the  top  of  the  gate-house. 

The  water  service  pipe  was  of  lap-welded,  wrought  iron,  6  ins.  in 
diameter,  with  the  lengths  joined  by  heavy  flanges,  having  faces  turned 
true,  and  bedded  in  the  concrete  mass  with  the  blow-offs. 
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The  work  was  commenced  on  May  2lBt,  and  completed  on  November 
8th,  1902.  When  finished,  the  dam  was  practically  water-tight.  There 
was  a  slight  leak  at  the  lower  of  the  blow-off  pipes,  bnt  this  dimin- 
ished in  volume  rapidly,  and  ceased  in  abont  thirty  days. 

Fig.  1,  Plate  XXVIII,  shows  the  progress  of  the  work  on  July  1st. 
The  en t- off  trench  for  the  sheet-piling  is  seen  on  the  left,  and  the 
blow-off  pipes  in  the  back -ground. 

Fig.  2,  Plate  XXVIII,  shows  the  progress  of  the  work  on  August 
1st.  The  sheet-piling  is  seen  clearly  on  the  right,  and  the  rock  fill  in 
the  foreground. 

Fig.  3,  Plate  XXVIII,  shows  the  progress  of  the  work  on  Septem- 
ber 11th.  The  construction  of  the  dam  is  seen  in  this  photograph. 
The  hand-placed  material  on  both  up-  and  down-stream  faces,  with  the 
loose  rock  fill  in  the  center,  is  easily  distinguishable. 

Fig.  4,  Plate  XXVIII,  shows  the  down-stream  ends  of  the  blow-off 
pipes  embedded  in  the  concrete  and  projecting  through  the  dam.  The 
.photograph  also  shows  the  character  of  the  hand-placed  work. 

Fig.  1,  Plate  XXIX,  shows  the  progress  of  the  work  on  October 
21st.  The  commencement  of  the  earth  embankment  will  be  noticed 
on  the  right. 

Fig.  2,  Plate  XXIX,  shows  the  gate-house  structure  on  October 
21st. 

Figs.  3  and  4,  Plate  XXIX,  show  the  completed  structure,  with  the 
pond  about  half  full. 

The  dimensions  of  the  dam  are : 

Length  on  crest 235  ft. 

Height  at  center 20  " 

Width  of  crest,  total 15  " 

"      "      "      masonry 10" 

"       "      "      earth • 5  " 

Slope  of  masonry,  up-stream  face 1  on  1 

"       "        "         down-stream  face 1  on  1J 

"       "  earth  embankment 1  on  2 

The  contract  price  was  $8  700. 

The  quantities,  and  a  close  estimate  of  the  unit  prices,  are  given  in 
Table  No.  1.  These  unit  prices  include  all  the  contractor's  expenses, 
but  not  his  profit,  as  the  work  appeared  to  cost  all  of  the  contract 
price. 
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A   SMALL  ROOK-FILL  DAM. 
TABLE  No.  1. 


I 


Item. 


Quantity. 


Earth  excavation #94  cu  yds. 

Earth  embankment,  including  rolling ,  12  670    "    " 

Rock  excavation I       210    4l     " 

Rock  fill,  core  filling i  1  642    "     »* 

Rock  fill,  hand-packed .• !  1868    "    " 

Timber,  sheet-piling 18  200  ft.  B.  M. 

Timber,  gates,  bridge  floor,  etc., 1200"       " 

Concrete •       120  cu.  yds. 

Paving 142    "     " 


ng 

Rubble  masonry 

Fine-hammered  facing 

Steel  bridge 

Blow  offs  and  service  pipes 

Gate-valves,  two  36-in.  and  one  6-in.. 
Hand-power  winch 


167 

186 

8000 

16  160 

8 

1 


sq.ft. 
lbs. 
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Unit 
Price. 


10.80 
0.48 
1.60 
0.45 
0.96 

64.00 

80.00 
7.80 
1.70 
8.10 
0.80 
0.10 
0.10 
220.00 

40.00 


The  contractor  was  Mr.  Watson  E.  De  Baun,  of  Tuxedo,  New  York,  to 
whom,  and  to  Mr.  James  White,  his  foreman  in  charge,  credit  is  dne 
for  the  faithful  way  in  which  they  carried  out  the  intent  of  the  specifica- 
tions. The  writer  also  acknowledges  his  thanks  to  William  A.  Cat  tell, 
M.  Am.  Soc.  C.  E.,  for  some  suggestions,  and  to  H.  B.  Atkins,  Assoc. 
M.  Am.  Soc.  C.  E.,  and  Mr.  John  W.  Doty  for  their  supervision  of  the 
construction. 
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DEFLECTIONS  OF  BEAMS  WITH  VARIABLE 
MOMENTS  OF  INERTIA. 


By  C.  W.  Hudson,  M.  Am.  Soc.  C.  E. 
To  be  Presented  May  6th,  1903. 


The  determination  of  the  deflections  for  the  special  types  of  open- 
webbed,  elastic  frameworks  often  met  with  in  the  practice  of  the  bridge 
engineer  has  received  mnch  attention,  and  very  exact  solutions  are 
made  for  these  problems  by  both  graphical  and  analytical  methods. 

The  determination  of  the  deflections  for  solid-webbed  girders,  which 
is  of  equal  theoretical  interest  and  often  of  great  practical  importance, 
however,  has  been  confined  chiefly  to  girders  with  a  constant  moment 
of  inertia,  and  such  determinations  have  usually  been  made  by  means 
of  the  equation  of  the  elastic  curve.  It  is  the  purpose  of  this  paper  to 
give  a  more  general  method  for  determining  the  deflections  of  solid- 
webbed  girders  under  flexure,  and  to  illustrate  its  application  to  the 
forms  of  girders  most  frequently  met  in  practical  bridge  construction. 
The  plate-girder  drawbridge,  owing  to  its  frequent  use,  is  one  of  the 
most  important  structures  with  which  the  bridge  engineer  has  to  deal. 
Application  of  the  general  formula  to  this  case  has  been  made,  with  the 
object  of  giving  a  simple  method  of  making  a  better  design  for  the 
girders  and  end -lifting  machinery  for  these  bridges. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may 
be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published 
in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers,  with  dis- 
cussion in  full,  will  be  published  in  Transactions. 
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The  writer  believes  that  the  determination  of  the  deflection  of  girders 
with  solid  webs  is  effected  best  by  means  of  the  method  of  work.  The 
general  formula  is  derived,  it  will  be  noticed,  in  a  manner  very  similar 
to  that  commonly  nsed  in  obtaining  the  general  formula  for  the  deflec- 
tions of  articulate  structures. 

Let  us  suppose  a  beam  of  any  shape  in  equilibrium  under  the  action 
of  a  given  loading,  and  that  the  following  derivation  is  made  under  the 
usual  conditions  imposed  in  the  development  of  the  fundamental 
formulas  for  flexure,  and  under  the  supposition  that,  where  the 
forces  producing  bending  have  components  in  the  direction  of  the 
length  of  the  beam,  the  effect  of  such  components  in  producing  dis- 
tortion may  be  neglected. 

Let  M  =  the  bending  moment  at  any  section  of  the  beam  due  to  the 
given  loading; 
S  =  the  unit  stress  due  to  flexure  on  any  fiber  of  the  cross- 
section,  the  fiber  being  distant  y  from  the  neutral  axis, 
and 
/  =  the  moment  of  inertia  of  the  cross-section  for  which  the 
other  quantities  are  taken. 

Then,  from  the  fundamental  relation  for  flexure,  we  have  S=  -  ^  . 

Under  the  action  of  flexure,  the  fibers  on  one  side  of  the  neutral  axis 

of  a  beam  are  lengthened,  and  on  the  other  side  they  are  shortened. 

Let  dx  (an  infinitesimal)  be  a  portion  of  the  length  of  the  beam,  and 

A  be  the  change  in  length  of  any  fiber  distant  y  from  the  neutral  axis, 

due  to  flexure. 

S  L 
From  Hooke's  Law,  we  have  A  =  -=- ,  in  general,  and  for  a  fiber  of 

a  length  dx,  X  =  — ~-,  in  which  2? is  the  coefficient  of  elasticity  of  the 
material. 

Since  S=%f, 

Now,  simultaneously  with  the  given  loading,  suppose  a  force  of 
'  unity  to  be  applied  to  the  beam  at  any  point  in  any  desired  direction. 
Let  m  be  the  bending  moment  at  any  section  of  the  beam  thereby  pro- 
duced.    The  stress  on  any  fiber  (the  same  fiber  for  which  A  is  taken)  of 
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any  section  due  to  the  assomed  load  of  unity  =  —j!->  and  the  work  done 

by  this  stress,  assuming  it  to  be  gradually  produced,  acting  through 

.,,.,  ,.  .  L    my       ,       My       my  ,         Mm  y2  dx 

the  distance  A,  is  equal  to  ^  XA=  ~^~f  x  EI  ~~2~fif* — * 

Letting    C  d  A  represent  the  area  of  the  entire  cross-section,  the 
work  done  on  an   infinitesimal  portion   of  the  length  of  the  beam 

=  %  p  n  (  /V  d  A\  dx,  and  since  C  %?  d  A  =  J,  this  work  =  -5- rrr-  » 

and  for  the  internal  work  throughout  the  length  of  the  beam  due  to 
flexure  we  have: 


W 


_  rlMmdx 
'Jo    ZEI 


(1) 


Again,  let  A  be  the  deflection,  due  to  the  given  loading,  of  the 
point  at  which  the  force  of  unity  is  applied,  measured  along  the  line 
of  action  of  the  force  unity,  then  the  work  done  by  the  force  of  unity 
gradually  applied  is : 


W-i*A-$. 


(2) 


Making  the  total  work  of  the  internal  stresses  due  to  flexure  (1) 
equal  to  the  total  work  of  the  external  forces  (2),  we  have: 


Hi 


m  dx 


El 

M  mdx* 
EI        ' 


(3) 


which  is  the  general  value  for  the  deflection  of  any  point  in  a  beam. 

As  an  illustration  of  the  general  application  of  this  formula,  sup- 
pose we  find  the  horizontal  deflection  of  the  upper  corner  of  a  simple 
I-beam  span,  loaded  at  the  center  with  the  weight  P.  Fig.  1  will 
make  the  problem  more  clear. 


Unity- 


j<~~ 

> 

'  f      r 

: : 

A 

'-------"z:rr-;::::::iv^------== — 

P 

I 

4 

j # 

P 
s 

.Unity 


*i 


F.IG.1. 


*  This  formula  was  first  derived  by  Professor  Fraenkel. 
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Taking  each  half  of  the  beam  separately,  and  taking  the  ends  of  the 
neutral  axis  of  the  beam  as  the  origin  of  x,  we  have: 

*'  Mmdx         rl-Mmdx  t      ,,      .  ..  ,    ., 
for  the  left  half 


-J  o-nrr-J  o 


EI 

Mm  dx 


for  the  right  half, 


in  which, 

p 

M=  -(-^r  x«,  for  both  right  and  left  halves  of  the  beam, 

m  =  +  ^  x  x,  for  the  left  half  of  the  beam, 
and  m  = ^-.  X  x  +  -5,  for  the  right  half  of  the  beam. 

4  6  4  * 

Substituting  these  values  for  M  and  m  in  the  general  equation,  we 
have: 

»  Phxdx 


r-Pha?dx         Ct  Phx2dx        Tt 
Jo     UE1         J  0TTEI       V  o 

Phxdx        Phf 


-p.- 


iEI 
l 


±EI    ~~  32  EI 
o 

If  m  make  P  =  29 000,  J  =  360  ins.  and  J=  1  140  (inches  4th),  this 

being  the  value  for  the  moment  of  inertia  of  a  20-in.  I-beam  (192  lbs. 

per  yard),  then: 

29  000  x  20  x  (360)8     _   1   .  . 

*  -    32  X  29  000  000  X  1140""  14 1D'  nearly* 

In  the  problems  of  practice  it  is  usually  the  vertical  deflection  of 
some  point  in  a  horizontal  beam  under  vertical  loading  that  is  desired, 
The  following  five  problems  are  deemed  sufficient  to  show  the  applica- 
tion of  the  general  formula  to  finding  such  deflections.  The  girders  in 
the  following  problems  have  four  values  for  the  moment  of  inertia;  the 
resulting  expressions  for  the  deflections,  however,  are  of  such  form 
that  expressions  for  the  value  of  the  deflection  for  a  girder  with  a 
greater  or  less  number  of  values  of  the  moment  of  inertia  can  be 
written  by  inspection.  For  girders  with  inclined  flanges  values  of  the 
moment  of  inertia  can  be  determined  at  stated  intervals,  and  these 
Values  considered  constant  for  the  intervals  taken. 

Problem  No.  1. — Find  the  vertical  deflection  at  the  center  of  a  plate- 
girder  span  with  three  cover-plates,  the  girder  being  loaded  uniformly 
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/  w  Pounds  per  linear  unit 


throughout  its  length,  /,  with  aU— 

vertical  load  of  w  pounds  per  unit  j 

of  length.     Fig.  2  will  make  the  ^^^:-v^w^^-^^^,v^^r 

problem  more  clear.  * 

As  the  moment  of  inertia  of  the 
>  girder  has  four  values,  the  second 
part  of  the  general  equation, 

(t  Mmdx 


A       f1  Mm  dx     rt  /t  M 
will  have  four  parts: 


EI 


Fig.  2. 


A_    w  f  (/rW)dx   ,      w    (*  (Ix2—  x*)dz 
*-2Ej  0  I~  +   2EJ   a  I2 

w     re(lg*—a*)dx       J^    f 
+  2EJ  b  I2  +  2EJ  c 


_  w    j  , 
~2E  \\ 


«     (Ix1  —  a3)  do? 
b*-a*     ,   ,(c3-63) 


c^-6^-   Z(J3— 8c3)        f  —  16c4  1 

4/8     +       24  J4  64  i4  f 

«)/    /0s  c?         6s  &3  c3         C3  \ 

v/r  /2  +  j2  /,  +  /3    /4  / 


~384  EI4  +  6J5? 


s^v/!      /2  +  /2     /3  +  /;     // 


which  is  the  expression  for  the  value  of  the  desired  deflection. 

If  /j  =  I2  =  /,  =  74,  that  is,  if  the  moment  of  inertia  of  the  beam  be 
constant,  the  expression  becomes: 

A  =  ozn— &->»  which  is  the  well-known  formula  for  the  deflection  at 

the  center  of  a  simple  beam  of  constant  moment  of  inertia,  under 
uniform  loading.  r 

Problem   No.    2.— Find    the  j 
vertical  deflection  at  the  center  K— M- 
of  a  plate-girder  span  with  three 
cover-plates,  due  to  a  vertical 
load,   Pt  at  any   point   in  the   \^.a 
span.  r b 

The  load,  P,  will  be  placed   L."." V. .1.  V 
on  the  first  cover-plate,  and  the 
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expression  found  for  the  value  of  the  deflection.  The  expression 
for  the  deflection  for  any  desired  position  of  P  can  then  be  written  by 
inspection. 

/•'  Mm  d  x 

y*a  p  (1  —  k)x*dx        rkl  P  (1  —  k)x*dx 
o  2i?/l  J  a  2EJ* 

/■&  Pk(lx  —  x*1)  dx        re  p  kjlx  —  ^dx 
k  2WT2  +J  b 


2EI% 


r~r  Pkjlx  —  x'jdx  t     /»<*  Pkx*dx  t     rbpkx*dx 
"V  c  *EI*  +J  o     2EI>         J  a~^^~ 

re  Pkx*dx  r^Pkofdx 

+J  b      2  Eh  J    c     *E  I< 

-       6E        \  Jx       J2  +    I2    ) 

+  ±E\I2         J,  +  /,         J4  +  4/4         2T/ 

pk  (&__&_  ,  _£___i!L  j_ _i! *3/S\ 

6J;    \/2         /,   +  J,         J4    +  8J4       ~5"Y 


^^W,  J,   +  /2         73     '     />         1<+~STJ 

P   /  a*  <r*\  ?^f 

~  6#\  7X  72/  12^/2 

Pkl(  b2        b2  <?        <?  \    , 


PA:? 


16  ^/4' 
which  is  the  expression  for  the  value  of  the  desired  deflection. 

For  a  load,  P9  on  the  second  cover-plate,  by  inspection,  can  be 
written: 

P_  (  c?        <t         b*         b*\      PtfP 
6E   \  7X         I*         h         h'      VIEIZ 


4-tf\J3  /4/^16^/4* 

If  we  make  ij  =  J2  =  73  =  74,  in  either  of  the  above  values  for  4, 

we  have: 

P  k  P         '  1 

J  —  Ajz-jrj (3  —  4  A?),  and  if  k  =  -^  ,  that  is,  for  P  in  the  center 

of  the  girder, 
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Problem  No.  «?.—  Find  the 
vertical  deflection  at  the  loaded 
point  of  a  plate-girder  span  with 
three  coyer-plates,  due  to  a 
vertical  load,  P,  at  any  point 
in  the  span. 

P  will  be  placed  on  the  first 
cover-plate,  as  in  Problem  No.  2. 


Mm  d  x 
~E~I~ 


=  ra  pji  —  kfjdx      rkl  p(i  —  kfjdx 

Jo  E  /j  J    a  E  Ij 

+  fb    Ptf(l  —  x?dx         Cc  Ptf(l  —  x?dx 
J  hi  EI,  +  J  b  EIA 

+  /V  Pt?{l  —  x)2dx        /     Pt*x2dx 
J  c  EIA  +J  o         EI, 

.     fb  Ptfx2  dx         fc  PtfJdx    ,      flTPk*a?dx 
J  a        EI,        +  J  b         EIS        +  J  c 


P  (1  —  k)'2 

SE 
P  0  P 


EI, 


V/!  +    I2        I2J 


P  1?  I1  /b kl       _c b_         I c_\ 

*"     e    \h      i,  +  /,       is  +  a  i,      i, ) 


p  a?  i  ,bl     **  e 


E 


+   -7 


+ 


+ 


Ptf  (  b3       Ar*/3 
SE 


+ 


P£/  a3 
3  £ 


^2 

63 


a3 


+  -T-- 


fts 


+ 


8/, 


-  I  ll^L  /  i  2  fc  A;2  \ 

~     8  A'     V  A  A    +  lt  ) + 


P  (1  —  2  *)   /  a3 


3  A' 


I) 


PJM 
E 


/  b  b  c  c  \ 


Pk2i  (  b%  _     #_  f  _     c    \ 

-       A"  ^7/         i,    +  7,  It  ) 

2  />  fr'   /  rfj  _    '^    ,  Jl  _    *3     ,    c3    _  _£L\ 
which  is  the  expression  for  the  value  of  the  desired  deflection. 
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If  we  make  Ix  =  It  =  I3 


:  Iv  then 


SE 
48E1 


and,  in  addition,  if  we  make  k  =  -~->  then 


Problem  No.  4.—  Find  the 
vertical  deflections  of  the  ends 
of  a  plate-girder  span  with  three 
cover-plates,  supported  at  the 
center,  only,  and  loaded  with  a 
uniform  vertical  load,  w,  per  unit 
of  length. 
4  __    C    Mm  dx 


Eia.fr. 


*    o 

=    fa  w  **  dx       j%*w  a?  d x       Ccw  x*  d_x       C  l  w  a?  dx 
Jo    ZEIX      \7 a    2E12    +Jb~2El~  +J  c     *EIi 

-  JL    (  Gl  _L    b*  "*  _L    C'  b*  _l_     f  °A\ 

-8E\IX  +  L       /2+  %  —  %  +  -Ii~"lJ 

_  jc_r_    _w  /<**     j     _6*_    _&*_    j?_ c^\ 

^SEl^  SEXI,        /2+     l2  ""  /3   4"   i3  V 

which  is  the  expression  for  the  value  of  the  desired  deflection. 
If  /,  =  I2  =  /,  =  /4,  then, 

.        »/• 
J=SEI' 
Problem    No.    5. — Find    the 
vertical  deflection  of  the  ends  of 
a  plate-girder  span  with  three 
cover-plates,   supported   at    the 
center,  only,  and  loaded  at  each  h— 
end  with  a  load,  P. 

Mm  d  x 


I 


EI 


•S     o 

=  ppjdx      fpy_d_x     rcp_j  dx,/1 

Jo      Elx     +  J a     EI2     +Jb     EIt     +  J c     ETt 
P_  ( j£       _J»  _  rf_         c3         6s         Z3         c"  \ 


Px*dx 


PP 


+ 


JL  (*—*  i  A' 

3  E\ 


/,    /2  +  /2     /3  +  /,    V 


Z  EIt       „  ^  n  ^,       J2       j2        j3         .,, 
■which  is  the  expression  for  the  value  of  the  desired  deflection. 
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If  J,  =  /j  =  I3  =  It,  then, 

By  substituting  for  A,  in  the  above  expression,  the  distance  it  is 
desired  to  raise  the  end  of  a  plate-girder  draw,  and  solving  for  Pt  the 
uplift  necessary  to  raise  the  end  the  desired  amount  is  obtained. 

In  applying  the  results  of  the  preceding  problems  a  deduction  of 
2  or  3  ft.  from  the  over-all  lengths  of  the  cover-plates  should  be  made, 
for  the  reason  that  enough  rivets  to  fully  develop  the  value  of  a  cover- 
plate  to  resist  stress  are  not  generally  contained  in  a  less  distance  than 
the  first  2  or  3  ft.  at  the  end  of  the  cover- plate. 

By  the  aid  of  the  results  of  Problems  Nos.  4  and  5,  the  reactions  for 
center-bearing  plate-girder  draw  spans,  with  equal  arms  under  uniform 
loading,  can  be  obtained. 

Let  2*i  =  Rs  be  the  reactions  at  the  ends  of  a  two-span  plate-girder 
with  three  cover-plates.  From  the  result  of  Problem  No.  5,  we  have,  for 
the  vertical  motion,  A,  due  to  a  force,  Rt  =  R^  at  the  ends,  the  fol- 
lowing: 

A  -   *lf  j.   !?L  fl?-<L±  b%  b*  _l    <?        _c'  \ 

If,  at  the  same  time,  we  make  the  value  for  A  given  by  the  result  of 
Problem  No.  4  equal  to  the  value  for  A  above,  and  solve  the  equation 
f or  i?„  we  have : 


roj* 

8. 


r   -  j?  _  -  7»      ~8~  ^      7»      7*  ~^  +  h~Tj 
3/4  +  "3"V/l      /.+/.      Iz+Ta-T4) 

~~  "  8      /*       ^  __  ^   ,  ^.  _  "**    .   c*  _  £! 

a+t;    t;  +  /,    h^h'it 

which  is  the  expression  for  the  value  of  the  end  reactions  for  a  plate- 
girder  of  two  equal  spans  having  four  values  for  the  moment  of  inertia, 
and  loaded  uniformly  throughout  its  length  by  w  pounds  per  unit  of 
length. 

If  /t  =  I2  =  73  =  Iif  then  R1  =  223  =  -jj-  w  I. 

It  would  not  be  a  difficult  matter  to  derive  values  for  the  reactions 
for  a  more  general  case  of  loading  and  span  lengths;  but  the  ordinary 
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plate-girder  draw  has  equal  arms,  and  the  only  place,  under  the  gen- 
eral practice  in  designing,  where  it  is  necessary  to  consider  the  effect 
of  continuous  loading  is  near  and  over  the  center  support.  The 
maximum  values  for  shear  and  moment  at  the  center  support  are  given 
under  conditions  closely  approximating  continuous  uniform  load,  and 
this  is  the  problem  we  have  solved. 

In  order  to  see  how  much  the  ordinary  method  (using  a  constant 
moment  of  inertia)  of  computing  the  moments  over  the  center  supports 
of  plate-girder  draws  differs  from  this  more  exact  method,  the  com- 
parison will  be  made  for  two  widely  different  cases. 

Case  I. — A  very  light,  single-track,  center- bearing,  plate-girder 
draw,  72J  ins.  deep,  from  out  to  out  of  flange-angles. 


Length 
over  all. 


Effective 
length. 


72  x  J  ins.  138  ft.   and  136  ft. 


1  web  plate, 
4  flange-angles,          5  x  5  «.'  138  "  "  136  ' 

(55  lbs.  per  yard.) 

2  cover-plates,  12  x  f  "  98  "  "  96  * 
2  "  "  12  x  {  "  22  "  "  20  « 
2       "        "               12  X  |  "  10  "  "  8  € 

J.  =    38  284  ins.4  =  1.85  ft.4  and  a  =  20  ft. 


S3 

i 


/,=  58  335 
/,=  79  081 
IA  =  100  526 


=  2.81 
=  3.81 

=  4.85 


6  =  58 
c  =64 
/  =68 


i 

i 

i 

i 
i 

Fie.  7. 


=   4  324.3,  4-  =   2  847.0,-f-  = 


/ 


8  648.6,-^  = 


5  694.0, 


4-  =  69  434.9,  V  =  51210.5,4-=  4  027  206.3,  4- =  2  970  209.0, 


=  68  804.2,  4- 
=  64831.3 


h 


54  050. 3,  4"  =  ±  403  468. 8 ,  4"  =  3  459  219. 8, 
4-  =  4  408  531.1, 


J,       

+  =  207  394.7,  —  r^  108  107.8,  +  =  12  847  854.8,  —  =  6  435  122.8, 


*i=g-» 


■m A         A  **         _Jx h_ 


i+ 


a3 


fl ±2 

-~r  +  -T-- 


/« 


+    1--    T- 


_  3      12  847  854.8  —  6  435  132.8        3       ..  „ 
r~Zw     2OT394.7   -   108107.8    _  T  W  M&y  : 


;  24.22  it. 
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The  moment  over  the  center  support  for  this  case  is: 
M  =  68  w  (24.22  —  34.00)  =  —  665.04  w  foot-pounds. 
The  moment  over  the  center  support  for  constant  moment  of  inertia 
is: 

M  = jT-w  t  =  —  578  w  foot-pounds, 

which  shows  that  this  more  exact  method  gives  a  moment  over  the 
center  support  for  this  case  15%  greater  than  the  usual  method. 

Case  II — A  very  heavy,  double-track,  center-bearing,  plate-girder 
draw,  101 A  ins.  deep,  from  out  to  out  of  flange  angles. 


Length 
over  sll. 

Effective 
length. 

~T 

n 

r 

1  web  plate,             lUl  x  H  ins.,  159  ft. 

and 

156  ft. 

]i 

4  side  flange-plates,  18  x  ?     "      159  " 

<< 

156  " 

4  flange  angles,           8x6     "      159  " 

n 

156  " 

(123  lbs.  per  yard.) 

2  cover-plates,           20  X  f     "      159  " 

<< 

156  " 

c 
© 

2     "         "                20  x  {     "       84  " 

n 

82  " 

2     "          "                 20  x  i     "        24  " 

a 

22  " 

| 

2    "         "                20  x  £     •■        16  " 

i* 

14  " 

It  =  353  750  ins. 4  =  17.06  ft.*  and 

a  = 

.  37  ft. 

I2  =  434  500     "      =  20.96  " 

fr  = 

67  " 

ii 

73  =  517  600     "      =24.96  " 

c  = 

71  " 

J. 

I 

J4  =  603  100    "      =29.08  " 

/  = 

78." 

J* 

Tig. 8. 

9                                                           1J                                                                  4 

4-  =    2  969.1,  ^-  =      2  416.7,  4"  = 
lx                         l%                           lx 

109  857.3,4* 

= 

89  416.1, 

^-  =  14  349.4,  -^-  =    12  049.9,  -^  = 
h                         h                           l2 

961  408. 5. -£ 

= 

807  336.6, 

-£-  =  14  339.3,4   =    12  307.8,  -£   =    1018  096.2,  4~ 

h                                     J4                                          J3                                                  I  A 

= 

873  854.2, 

-£  =  16  318.8,                                -y  =  1  272  869.9 

+  =47  976.6  —  =    26  774.4    -j-    =   3  362  231.9  —  =    1770  606.9, 


_         3      3  362  231.9  —  1770  606.9       3      n  M      ao  ,E 
*  =  8  W       47  976.6  -26  774.4—  =  8  "  75°7  =  ^  *' 

The  moment  over  the  center  support,  for  this  case,  is : 
M  =  78  w  (28.15  —  39.00)  =  —  846.30  w  foot-pounds. 
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The  moment  over  the  center  support,  for  constant  moment  of 
inertia,  is: 

M  = —  w  fi  =  760.5  w  foot-pounds. 

o 

Which  shows  that  this  more  exact  method  gives  a  moment  over  the 
center  support  for  this  case  11%  greater  than  the  usual  method. 

The  two  plate-girder  drawbridges  selected  for  investigation  may  be 
said  to  represent  fairly  the  results  obtained  by  the  method  commonly 
used  in  designing  such  structures.  In  view  of  the  results  of  the 
investigation  for  these  two  cases,  it  is  fair  to  assume  that  many  center- 
bearing  plate-girder  drawbridges  are  stressed  considerably  higher,  for 
a  short  distance  over  the  center  support,  than  their  designers  intended 
they  should  be.  This  condition  of  affairs,  it  is  believed,  is  quite  gen- 
erally known,  but,  as  far  as  the  writer  knows,  has  not  influenced 
designers.  The  additional  material  required  for  a  more  correct  design 
is  a  very  small  percentage  of  the  whole  weight,  and,  considering  the 
increased  strength  it  would  give,  the  addition  should  always  be  made- 

The  objection  may  be  made  that  it  is  hardly  necessary  to  go  to  any 
great  refinement  in  designing  plate-girder  drawbridges,  as  it  is  not 
certain  that  the  end  machinery  will  act  as  designed,  and,  further,  even 
though  the  condition  of  the  supports  be  as  assumed,  until  account  is 
taken  of  the  effect  of  the  shearing  stresses  in  producing  distortion, 
the  true  reactions  cannot  be  obtained.  The  fact  that  the  end  supports 
may  be  out  of  their  proper  position,  and  in  such  a  manner  as  to  cause 
increased  bending  moments  over  the  center  support,  is  an  argument  in 
favor  of  the  most  refined  methods  in  designing  the  structure.  It  is  not 
customary  to  consider  the  effect  of  the  shearing  stresses  in  producing 
distortion,  in  designing  plate -girder  drawbridges;  the  method  used  in 
investigating  Case  I  and  Case  II  is  simply  a  more  refined  application 
of  the  usual  method  (which  considers  only  flexural  stresses).  In  order 
to  determine  the  effect  of  the  shearing  stresses  in  producing  deflection, 
the  following  investigation  is  made: 

'to  \P 

Let  us  take  any  portion  of  a  beam  in  !  I 

, ^     ^ 

equilibrium  under  the  action  of  trans-    >  <    if  — t  ^^ 

verse  loading,  as  shown  in  Pig.  9.     If  P  -^"       j       \a 
be  the  resultant  in  position,   direction 


**-*!-— I 


and  amount  of  all  the  forces  to  the  right  \s       „ 

°  |  Fw.  0. 

of  the  section  m  n,  then  it  is  clear  that  ln 
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the  portion  of  the  beam  under  consideration  would  be  kept  in  equi- 
librium by  the  couple,  Fa,  and  the  shear,  S. 

In  general,  no  matter  what  may  be  the  actual  distribution  of  the 
stresses  on  any  section  of  a  beam  under  a  given  loading,  these  stresses 
may  be  resolved  into  an  equivalent  couple  and  shear.  The  effect  of  the 
couple  in  doing  work  has  been  determined  in  accordance  with  the 
common  theory  of  flexure.  Going  back  to  (1),  and  rewriting  the 
expression  for  the  work  of  the  internal  stresses,  we  have 

tfl  =  (    /    ~~q~#  r   *or  *he  work  of  the  flexural  stresses  \ 

+  (  J     2fi    a  * or  tne  work  of  the  shearing  stresses  )  . 

j  To  derive  the  expression  for  the  work  done  by  the  shearing  stresses: 

I  Let  S  =  shear  at  any  point,  due  to  the  given  loading; 

*    =  shear  at  any  point,  due  to  a  load  of  unity  at  the  point  where 

deflection  is  desired; 
A  =  total  area  of  the  cross-section; 
Et  =  coefficient  of  elasticity  for  shear; 
and  let  d  x  be  an  infinitesimal  portion  of  the  length  of  the  beam;  that 
is,  let  it  ba  considered  as  the  distance  between  two  consecutive  sec- 
tions of  the  beam. 

Then,  under  the  action  of  the  shearing  stress,  S,  the  two  con- 

secutive  sections  will  have  a  relative  motion  of    .  „  ,  if  we  assume  that 

the  shearing  stress  is  distributed  uniformly  over  the  cross-section. 

Now,  as  for  the  flexural  stresses,  we  will  suppose  the  force  of  unity 
to  be  applied  gradually;  then  the  work  done  by  the  shearing  stress, 
on  an  elementary  portion  of  the  beam,  due  to  the  force  of  unity,  is 

—=^  x  -4- ,  and,  over  the  entire  beam,  the  work  is    /     ^  ^    ? . 
AJls         A  J  Ql  H*tA 

Making  the  expressions  for  the  external  and  internal  work  equal, 
we  have : 

2 


/*  Mmdx     .      /•*  Ssdx        , 

/'  Mm  d x    ,     pi  Ssdx 
o        RI  Jo     E<A    ' 


A  = 


The  shearing  stress  is  not  distributed  uniformly  over  the  cross- 
section,  and  hence  the  term  for  the  work  of  the  shearing  stress  should 
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"~f 


-4 


i 


be  modified  by  a  coefficient.      The  value  of  this  co- 
efficient for  a  rectangular  section  is  very  readily  shown 

to  be  -=-  . 
o 

For  a  section,  as  shown  in  Fig.  10,  which  is  a  close 

enough  approximation  to  plate-girder  cross-sections,  for 

all  practical  purposes,  the  work  done  by  the  shearing 

stresses  due  to  unity,  taking  the  intensity  of  the  vertical 

shear  as  equal  to  the  intensity  of  the  horizontal  shear  at  all  points 

of  the  cross-section,  on  two  flanges 

_  b  [8  (h  +  d)5  —  15  (h  +  d)A  h  + 10  jh  +  d)2  h*  —  3  h*\     piS_sd.r 

30  P  J  .       Ea 

and  on  the  web 


Fig.  10. 


30 


*J    o 


30  P 

'   Ssdx 


E, 


The  total  work  on  the  entire  cross-section  is  the  sum  of  these,  and 
8  b  (k  +  d)6  —  15  b  h  (h  +  d)4  +  10b  h*(h  -f  d)2 

-  3  b  k'  +  30  b2  it1  A  (  h  +  -|- )  * 


30  P 


■I. 


l  Sjdx 


This  expression  is  of  such  an  involved  nature  that  a  simple  inspec- 
tion gives  very  little  information  as  to  the  relative  value  of  the  work 
on  the  flanges  and  web  to  that  of  the  work  on  the  entire  cross-section. 
For  the  purpose  of  getting  a  definite  idea  of  this  relation,  and,  at  the 
same  time,  for  reinvestigating  the  plate-girders  of  Case  I  and  Case  II, 
approximate  sections  for  the  end  and  center  of  each  of  these  girders 
will  be  assumed. 


Case  L 

Approximate  end-section : 

b  =  12  ins. 

d=    1  ■" 

A=36    " 

t  =     |  " 
Work  on  flanges  =  0.0003 
Work  on  web       =  0.9997 


Approximate  center-section : 

b  =  12  ins. 

r/=    2    " 

fc=36    " 

t=    |    " 
Work  on  flanges  =  0.0008 
Work  on  web       =  0.9992 
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*Case  II. 

Approximate  end-section:  Approximate  center-section: 

b  =  20  ins.  b  =  20  ins. 

d=    2    "  d  =    4    " 

A  =50    "  &  =  50    " 

*  =      j  "  *  =      }  " 

Work  on  flanges  =  0.0006  Work  on  flanges  =  0.0013 

Work  on  web       =  0.9994  Work  on  web       =  0.9987 

From  this  it  is  seen  that  the  amonnt  of  work  done  on  the  flanges  is 
a  very  small  part  of  the  total  work  on  the  cross -section.  A  similar 
investigation   on  a  section   more  closely  approximating  the  actual 

cross-section  of  a  plate-girder,  as  shown  in  Fig.  11,  would     

show  a  considerably  larger  amonnt  of  work  for  the  flanges;  11  [1 
but  it  would  still  be  very  small.  Therefore,  in  investigat- 
ing the  effect  of  shear  in  producing  distortion  on  plate- 
girders  it  will  be  very  nearly  correct  to  assume  that  the  web 
alone  resists  all  the  shearing  stresses.  This  assumption 
would  give  deflections  a  little  too  great,  as  the  flanges  of  FlG* u' 
a  plate-girder  do  take  a  small  part  of  the  shear — for  a  plate-girder 
such  as  that  in  Case  II  the  vertical  flange  plates  and  the  vertical 
legs  of  the  flange-angles  take  considerable  shear;  however,  in  the 
investigation  to  follow,  the  effect  of  the  unequal  distribution  of  the 
shear  over  the  web  will  be  neglected. 

This  assumption  produces  an  error  opposite  to  and  generally  greater 
than  the  first  assumption,  so  that  the  resulting  deflections  determined 
under  these  assumptions  will  be  very  nearly  correct,  but  probably  a 
trifle  too  small. 

The  general  equation  for  the  deflection  of  a  plate-girder  of  varying 
cross-section  now  becomes 

a  —    i      &lm  d  x   t      I      S  s  dx  .  .  ,     .  -      , 

*  —  J     -  E  j h  J      E  A    >  m  which  Aw  =  area  of  web. 

2 
Making  Et  =   -  -  E,  the  deflection 

o  I 


JUL 


_    f  l  Mm  dx    ,J>_fl 
"Jo      EI       +    2    J  o" 


S  s  d  x 
~E  Aw~' 

From  this  the  expression  for  the  value  of  the  deflection  for  Problem 
No.  4  becomes 

8  E  V  /4    +    I,  l,+    I2  /3   +  /3  I  J 

5    wl2  . 


A  = 


+T 


4  EA« 
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and  for  Problem  No.  5  it  becomes 

5    w/2 


2  2?^, 

The  expression  for  the  value  of  the  end  reactions  for  a  plate-girder 
of  two  equal  spans,  the  girder  having  four  values  of  J,  and  loaded 
uniformly  throughout  its  length  by  w  pounds  per  unit  of  length,  is: 

(J_,J*  a*  b*  b*  c4  o*\        10J* 

V  y  +  /,  ~  /,  +  /2  -  Tj-  +  /s  ~  x/  +  ~K 

Using  this  expression  in  investigating  Case  I  and  Case  II: 

Far  Case  I: 
„        8      6  412  732  +  246  613        3  ._  „.        at  Aa 

R  =  -Sw     99  287 +2  720- =T  w  X  "• M  =  ^  w; 
and  the  moment  over  the  center  support, 

M=  68  w  (24.48  —34.00)  =  —  647.36  w  foot-pounds. 

This  moment  is  only  2.6%  less  than  that  found  by  the  first  investi- 
gation for  Case  I. 

Far  Case  II: 

3         1  591  625  4- 126 165         3  _.  aA       OQ  _. 

R  =  1TW        21202  +  1213       =T    W  *  *"*«»■««; 
and  the  moment  over  the  center  support, 

M=  78  w  (28.74  —  39.00)  =  —  800.28  w  foot-pounds. 

This  moment  is  5.5%  less  than  that  found  by  the  first  investigation 
for  Case  II. 

The  result  of  this  reinvestigation  for  Case  I  and  Case  II  shows: 
For  the  shorter  and  lighter  draw -span,  that  the  deflection  of  the  end 
of  the  span,  due  to  the  shearing  stresses  caused  by  uniform  loading,  is 
about  4%  of  that  due  to  the  flexural  stresses  from  the  same  cause;  that 
the  deflection  of  the  end  of  the  span  due  to  the  shear  caused  by  a  load 
at  the  end  is  about  3%  of  that  due  to  the  flexural  stresses  from  the 
same  cause;  and  that  the  calculated  moment  over  the  center  support, 
obtained  by  a  consideration  of  the  flexural  stresses  alone,  is  about 
2.6%  greater  than  that  obtained  by  taking  into  account  the  effect  of 
the  shearing  stresses. 
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For  the  longer  and  heavier  draw-span,  the  consideration  of  the 
effect  of  the  shearing  stresses  shows  differences  abont  twice  as  great, 
in  each  instance,  as  was  shown  for  the  shorter  and  lighter  structure. 

That  the  effect  of  the  shearing  stresses  should  be  greatest  in  the  long 
girder,  does  not  seem  to  be  in  accord  with  the  fact  that,  for  a  beam  of 
constant  cross-section,  the  relative  effect  of  the  shearing  stresses  is 
less  the  longer  the  span;  an  inspection  of  all  the  elements  of  the  prob- 
lem shows  that  the  much  larger  moment  of  inertia  and  the  relatively 
less  area  in  the  web  of  the  long  girder  are  more  than  sufficient  to  over- 
come the  effect  of  its  greater  length.  In  view  of  the  results  of  this 
investigation  it  would  seem  to  be  necessary  to  consider  the  effect  of  the 
shearing  stresses,  in  modifying  the  effect  of  the  flexural  stresses  in 
designing,  only  for  very  deep  girders  subject  to  very  heavy  loads. 
The  amount  of  labor  required  for  a  proper  consideration  of  the  shear- 
ing stresses  is  very  small,  so  that  whenever  great  accuracy  is  required 
they  should  always  be  considered. 
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THE  PANAMA  CANAL. 
Discussion.* 


By  Messrs.   M.   Meigs,   Theodore   Paschxe,    C.   L.    Habbison, 
P.  Bunau-VabilijA  and  Geobge  S.  Morison. 


M.  Meigs,  M.  Am.  Soc.  C.  E.  (by  letter). — This  extremely  interest-  Mr.  Meigs, 
ing  paper  on  the  Panama  Canal  and  its  problems  will  appeal  strongly 
to  all  engineers,  and  no  doubt  awaken  wide  discussion.  So  far,  the 
writer  has  not  been  able,  from  the  discussion  on  the  papers  on  the 
Isthmian  Canal  problem  he  has  seen,  to  discover  whether  the  Chagres 
is  a  mountain  torrent  of  clear  water,  rolling  stone,  gravel  and  sand 
along  its  bed,  or  a  silt-bearing  stream,  charged  with  mud  as  well  as 
sand.  In  his  opinion,  there  is  a  vast  difference  between  the  two,  not 
alone  as  affecting  the  cost  of  the  up -keep  of  the  canal,  but  also  the 
practicability  of  the  scheme,  now  little  talked  of,  for  a  sea-level  canal, 
and  as  related  to  the  problem  of  the  Bohio  Dam. 

The  writer  has  had  twenty  years'  experience  on  a  canal,  7£  miles 
long  and  250  to  350  ft.  wide,  on  the  Mississippi  River,  at  Keokuk,  Iowa. 
This  canal  receives  the,  at  times,  muddy  water  of  the  river,  necessary 
to  feed  it  and  to  provide  for  lockage;  and,  in  addition,  two  small  creeks 
and  a  few  short  watercourses  empty  directly  into  the  canal.  The  rain- 
fall in  this  latitude  is  only  40  ins.,  as  against  200  ins.,  or  thereabout, 
on  the  Isthmus,  and  yet  it  requires  the  almost  constant  attention  of  a 
dredge  to  keep  the  channel  open  for  navigation. 

*  This  discussion  (of  the  paper  by  George  S.  Morison,  Past- President,  Am.  Soc.  C.  E., 
printed  in  Proceedings  for  January,  1903),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  April  24th,  1903,  will  be  pub- 
lished subsequently. 
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Mr.  Meigs.  In  the  twenty  years  of  the  writer's  connection  with  the  canal, 
1  600  000  en.  yds.  of  mnd,  sand  and  gravel  have  been  removed  from 
the  canal  prism  in  a  length  of  not  more  than  5  miles;  two  deep  pools 
at  the  lower  ends  of  reaches  of  the  canal  not  yet  having  shoaled  suf- 
ficiently to  require  dredging,  and  aggregating  about  2  miles  of  the  7} 
miles  of  canal. 

On  several  occasions  a  single  storm,  lasting  not  24  hours,  has 
thrown  enough  material  into  the  canal  to  keep  a  large  Osgood  dredge 
at  work  for  a  month  removing  it,  working  night  and  day  16  out  of  the 
24  hours.  It  would  seem  that  any  sea-level  plan  would  be  negatived 
by  the  dredging  requirements  necessary  to  keep  the  channel  open. 
With  a  32-ft.  boat  it  would  require  but  a  small  rush  of  water  from 
some  side  stream  to  cause  a  stoppage  of  navigation.  The  sea-level 
canal,  necessarily,  would  be  the  recipient  of  all  the  debris  washed 
down  the  tributary  streams.  A  large  rock  rolled  into  the  channel 
would  cause  the  sinking  of  the  first  heavy -draft  steamer  that  came 
along,  and,  in  fact,  the  delays  and  expense  would  be  interminable. 

At  the  Keokuk  Canal  a  sluice  in  the  upper  level  allows  of  a  short 
tow  for  the  dredge  tender,  as  the  sluice  is  used  to  wash  the  dredged 
material  into  the  river  by  opening  certain  gates.  At  Panama  there 
would  seem  to  be  no  method  of  getting  rid  of  the  material  dredged 
except  by  elevating  it  to  the  sides  of  the  canal,  or  by  towing  it  ont 
to  sea.  Either  of  these  methods  would  be  slow  and  very  costly. 
Even  if  there  is  clear  water  at  all  times,  there  will  be,  for  a  sea-level 
canal,  constant  trouble  at  the  mouth  of  every  creek  and  river.  It  is 
true  that  dams  along  the  course  of  these  streams  would  retain  a  por- 
tion of  the  d6bris  for  a  time,  but  they  would  soon  fill  up,  and  dredg- 
ing would  have  to  be  the  result  in  the  end.  This  has  happened 
already  to  the  Keokuk  Canal.  From  a  dredging  standpoint,  the  sea- 
level  canal  looks  like  an  impossibility. 

All  this  is  changed  in  the  admirable  high-level  reservoir  and  lock 
scheme  worked  out  by  the  Canal  Commission  and  Mr.  Morison. 
Whether  bearing  silt,  or  only  sand  and  gravel,  Lake  Bohio  will  per- 
form a  most  valuable  office  in  providing  a  settling  ground  for  the 
water  used  in  the  canal.  No  doubt  the  greater  part  of  the  sediment 
will  remain  in  the  lake,  and  the  necessity  for  constant  dredging  in  the 
canal  prism  will  be  avoided  for  a  long  time. 

Mr.  Morison 's  design  for  a  temporary  dam  seems  to  the  writer  to 
be  sufficiently  good  for  the  permanent  structure.  There  seems  to  be  no 
reason  why  iron*  should  not  be  adopted  as  the  material  for  permanent 
and  high  dams.  It  should  be  remembered  that  such  a  dam  as 
sketched  in  Mr.  Morison's  paper  on  "  The  Bohio  Dam  "  can  be  made 
absolutely  tight.  The  construction  would  afford  a  view  of  the  lower 
side  of  the  dam  at  all  times,  and  all  leakage  could  be  detected  and 
stopped  at  any  time.     If  kept  painted,  it  would  rust  only  on  the  upper 
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side,  and  the  rate  of  deterioration  would  be  very  small.  Wrecks  of  ves-  Mr.  Meigs, 
sels  thirty  years  and  more  under  water,  on  the  upper  part  of  the  Missis- 
sippi River,  show  in  their  ironwork  but  little  loss  from  rust.     A  brown 
scale  is  formed  on  the  surface,  looking  like  brown  varnish,  and  this 
seems  to  protect  the  iron. 

If  the  dam  were  built  early  in  the  progress  of  the  work,  would  it  not, 
by  means  of  the  lake,  give  a  cheap  means  of  transporting  the  spoil  from 
the  prism  of  the  canal?  That  spoil,  dumped  from  barges  above  the  dam, 
would,  in  the  course  of  the  construction  of  the  canal,  fill  the  valley,  and 
would  make  a  dam  that  would  be  absolutely  beyond  suspicion,  and  at 
little  comparative  expense  where  the  work  is  almost  entirely  a  cut  As 
for  percolation,  it  would  cut  that  off  entirely,  for  it  seems  to  the 
writer  that  the  percolation  has  been  more  dreaded  than  there  is  any  oc- 
casion for.  If  Mr.  M orison' s  iron  dam  were  merely  set  upon  a  broad 
sheet  of  concrete  extending  some  distance  above  the  dam,  and  the 
bearing  under  the  dam  were  fortified  by  driving  plenty  of  round  pil- 
ing to  give  a  firm  foundation  and  also  to  consolidate  the  soil;  if  this 
dam  were  built  between  abutments  of  stone,  with  an  earth  embank- 
ment beginning  at  the  point  where  it  would  be  possible  to  reach  bed- 
rock with  caissons,  thus  securing  a  tight  connection  with  the  bottom  of 
the  geological  valley;  and  if,  under  the  sheet  of  concrete,  several  rows 
of  sheet-piles,  preferably  of  iron,  like  the  dam,  were  driven  across  the 
valley  from  one  abutment  to  the  other,  the  writer  thinks  that  the 
foundation  of  the  dam,  and  the  percolation  beneath  it,  would  be  suffi- 
ciently guarded,  without  having  to  go  to  the  unparalleled  depth  for  foun- 
dations, which,  in  the  minds  of  many  engineers,  seems  to  be  necessary. 
There  are,  in  India,  tanks,  as  they  are  called,  which  are  formed  by 
earth  dams  of  heights  equal  to  the  Bohio  Dam,  and  they  have  stood  for 
centuries.  Some  of  these  dams,  it  is  said,  were  built  by  sluicing  ma- 
terial from  the  adjoining  hills  in  troughs  fed  by  the  mountain  streams 
in  the  vicinity.  It  is  not  likely  that  the  people  who  built  those  dams 
went  into  refinements  about  bed-rock  foundations. 

On  the  section  marked  B*,  on  the  map  of  dam  sites,  it  would  seem, 
from  rough  calculation,  that  a  dam  might  be  constructed  consisting 
of  350  ft.  of  embankment  at  each  end  and  a  connecting  section  of  iron, 
not  more  than  550  ft.  long.  This  iron  dam  would  be  about  100  ft. 
high,  but  what  better  or  more  trusty  material  can  be  found?  The  cal- 
culation of  the  forces  entering  into  the  problem  are  simple,  too;  much 
simpler  than  in  the  case  of  a  bridge,  and  the  material  would  be  used 
economically.  The  work  could  be  done  in  a  temperate  climate — all 
but  the  setting  up — and,  during  erection,  the  river  could  be  allowed 
to  flow  between  the  bents  until  the  final  moment  of  closure.  It  is  this 
feature — of  doing  most  of  the  work  in  high-class  shops  and  shipping 
it  out  ready  to  erect — that  most  commends  itself.  Finally,  if  this 
•The "  Bohio  Dam."  Transactions,  Am.  8oc.  C.  E.,  Vol.  XLVH,p.  289. 
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Mr.  Meigs,  dam  were  erected  early,  and,  on  being  tested,  were  found  wanting, 
it  conld  be  replaced  with  some  other  structure,  without  interfer- 
ing with  the  opening  of  the  canal.  The  writer  cannot  help  thinking 
that  Mr.  Morison's  estimate  for  the  earth  dam  is  too  low,  though,  if 
built,  it  would  certainly  solve  the  problem. 
Mr.  Paschke.  Theodobe  Paschke,  M.  Am.  Soc.  C.  E.  —  Mr.  Morison's  plan  for  a 
tide-level  canal,  as  outlined  in  his  excellent  paper,  is  a  very  attractive 
one,  and  must  appeal  to  all  engineers  and  others  who  take  any  interest 
whatever  in  the  question. 

Heretofore,  the  control  of  the  Chagres  River,  has  been  the  great 
stumbling  block  in  the  way  of  a  sea-level  canal.  The  International 
Technical  Commission,  under  the  leadership  of  the  genial  de  Lesseps, 
in  declaring  for  a  sea-level  canal  at  Panama,  certainly  showed  no  lack 
of  boldness  in  conception  or  assertion.  But  "'twas  easier  said  than 
done." 

As  far  as  the  writer  is  aware,  no  tangible,  practical  plan  for  the 
control  of  the  Chagres, 'beyond  a  proposition  to  dam  the  river  at  Alha- 
juela  and  divert  its  waters,  from  the  reservoir  thus  formed,  through  a 
new  channel  to  the  sea  at  a  sufficient  distance  from  the  canal,  had 
been  evolved.  The  managers  of  the  enterprise  at  Paris  evidently 
depended  upon  the  many  eminent  engineers  who  were  sent  out  to  the 
Isthmus  to  solve  the  problem  in  all  its  working  details  on  the  spot. 

These,  in  turn,  for  the  most  part  unused  to  accommodating  them- 
selves to  the  new  and  strange  surroundings,  unnerved  by  the  debili- 
tating influence  of  the  climate,  and  over-awed  by  the  apparent 
impenetrability  of  a  tropical  jungle  and  the  magnitude  of  the  problem 
before  them,  threw  up  their  hands  in  despair  and  either  fell  victims  to 
the  pernicious  fevers,  or,  if  survivors,  were  subdued  in  spirit. 

The  rest  of  the  story — the  prodigality  of  the  management,  the  sub- 
sequent exhaustion  of  funds  and  the  final  abandonment  of  the  sea-level 
canal  in  favor  of  a  lock  canal — is  a  matter  of  history,  and  needs  no 
further  mention. 

This  grand  failure  to  make  good  the  decree  of  the  International 
Technical  Commission  has  been  like  a  ban  upon  the  project  of  a  sea- 
level  canal  with  the  majority  of  engineers  ever  since.  Therefore,  it  is 
refreshing  and  reassuring  to  have  an  engineer  of  Mr.  Morison's  standing 
come  out  with  a  proposition  for  a  tide-level  canal  on  entirely  new  lines; 
on  lines  of  such  bold  simplicity  that  at  once  they  not  only  assure  the 
feasibility  of  the  plan,  but  call  forth  an  unstinted  admiration  for  the 
author's  sagacity,  and  give  evidence  of  his  fitness  to  deal  with  such 
problems. 

The  plan,  as  outlined  in  the  paper,  seems  to  have  been  left,  prob- 
ably intentionally,  in  a  somewhat  incomplete  form,  so  as  to  invite 
criticism  and  discussion.  As  far  as  the  plan  is  outlined  by  the  author, 
the  speaker  has  no  criticism  to  offer,  but  only  desires  to  point  out 
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certain  natural   conditions  and    features    in    connection    therewith,  Mr.  Paschke. 
which,  when  properly  adjusted,  may  tend  to  assist  in  making  those 
outlines  a  little  more  definite. 

Mr.  Morison,  by  calculations  based  upon  reliable  data,  regarding 
the  discharge  of  the  Chagres  River,  has  drawn  the  conclusion  that  it 
would  require  a  canal  400  ft.  in  width  to  accommodate  the  maximum 
ordinary  flood  discharge  without  injury  to  the  canal;  with  the  reserva- 
tion that  this  width  might  prove  inadequate  for  a  repetition  of  a  flood 
like  that  of  1879.  On  this  the  speaker  has  only  one  comment  to  make, 
and  that  is:  Why  draw  the  limit  at  a  width  of  400  ft.  ?  Having  gone 
that  far,  it  would  be  as  well  to  go  a  little  farther  and  obtain  an  adequate 
factor  of  safety.  However,  the  speaker  quite  agrees  with  Mr.  Morison 
that  the  construction  of  a  dam  at  Alhajuela  would  be  a  more  rational 
measure,  not  only  for  the  control  of  the  Chagres  waters,  but  for  another 
reason  to  be  mentioned  directly. 

Mr.  Morison  has  given  the  average  elevation  of  the  bed  of  the 
Chagres  at  Gamboa  as  45  ft.  above  tide  level,  and  the  elevation  of  the 
bottom  6i  the  canal  as  35  ft.  below.  This  makes  a  fall  of  80  ft.  from 
the  bed  of  the  river  to  the  bottom  of  the  canal.  A  discharge  of  70  000 
cu.  ft.  per  second  over  a  precipice  80  ft.  high  almost  makes  one  think 
of  Niagara.  It  is  plain  that  something  must  be  provided  to  meet  this 
condition.  Some  sort  of  a  receiving  basin  or  pool,  of  adequate  dimen- 
sions, will  have  to  be  excavated,  to  bring  the  waters  to  rest,  so  that 
they  may  enter  the  canal  quietly. 

The  contemplation  of  this  feature  naturally  leads  to  another 
question :  What  becomes  of  the  detritus  and  the  sediment  brought  down 
by  the  river  during  floods?    How  is  that  to  be  taken  care  of? 

It  is  to  be  regretted  that  so  little  consideration  has  been  given  this 
subject  by  the  various  commissions  and  engineers  who,  of  late,  have 
reported  and  written  upon  the  problem  of  an  Isthmian  Canal.  This 
subject  is  a  very  important  feature  in  any  proposition  for  the  control 
of  the  Chagres  River,  and,  if  ignored  in  the  formulation  of  the  plans, 
will  force  itself,  sooner  or  later,  upon  the  operators  of  the  canal  when 
completed.  It  would  be  well  to  have  some  systematic  observations 
upon  this  subject  made  during  the  coming  rainy  season,  to  ascertain 
the  amount  and  character  of  the  sediment  carried  in  suspension  by  the 
Chagres  River  during  floods. 

The  topography  of  Central  America  has  a  character  peculiar  to 
itself.  It  is  volcanic,  throughout.  The  underlying  rocks  are  covered 
with  deep  layers  of  volcanic  ashes  or  dust,  of  varying  fineness,  giving 
the  country,  in  its  principal  features,  a  soft,  undulating  profile, 
which  is  only  pierced  here  and  there  by  groups  of  volcanic  cones, 
for  the  most  part  now  silent,  but  bearing  witness  of  a  former  activity. 

The  accentuations  which  occur  in  the  landscape  are  principally 
due  to  the  action  of  water.     This  action  of  furrowing  the  surface 
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Mr.  Paschke.  and  deepening  and  widening  the  canons  or  barrancos  down  to  bed- 
rock is  still  going  on,  and  may  be  observed  in  any  of  the  mountain 
streams  during  a  flood.  An  inspection  of  the  steep  banks  will  reveal, 
like  an  open  book,  the  character  and  thickness  of  the  various  layers 
of  volcanic  dust  or  ashes,  and  give  in  unmistakable  language  an  ac- 
count of  the  magnitude  of  the  process  necessary  for  the  formation  of 
these  covering  strata.  With  the  exception  of  a  few  isolated  cases, 
very  little  evidence  has  come  under  the  speaker's  observation  to  show 
that  in  the  latter  part  of  the  eruptive  period  of  that  country,  flows  of 
liquid  rock  or  lava  have  taken  place.  It  seems  that  during  this 
period,  the  eruptive  material  has  only  been  ashes  or  dust,  or  these 
materials  mixed  with  water  as  liquid  mud.  This  latter  observation 
has  been  verified  by  the  many  traditions  among  the  aboriginal  inhabi- 
tants relating  to  water-  or  mud -throwing  volcanoes. 

Most  of  this  volcanic  material  has  attained  a  certain  consistency,  a 
certain  degree  of  hardness  or  cohesiveness,  which  allows  it  to  stand, 
when  pierced  by  an  excavation  like  that  for  a  railroad  cut,  with  a 
slope  approaching  very  nearly  to  the  vertical.  In  fact,  the  speaker's 
experience  has  been,  that  the  nearer  to  the  vertical  the  faces  of 
these  slopes  are  kept,  the  better  they  stand,  provided  the  surface 
drainage  above  is  properly  taken  care  of.  The  reason  for  this  is,  that, 
in  the  first  place,  it  is  a  characteristic  of  most  of  this  volcanic  material, 
that  its  surface,  when  exposed  to  atmospheric  influence,  hardens 
slightly,  giving  it  a  crust-like  protection;  secondly,  the  nearly  ver- 
tical face  is  not  exposed  to  the  action  of  the  tropical  rain  torrents  to 
such  an  extent  as  a  face  at  the  ordinary  and  customary  slope  of  1  to  1. 
However,  on  the  other  hand,  all  this  material  yields  easily  to  erosion 
by  flowing  water.  This  may  be  traced  out  ^readily  in  any  of  the 
mountain  streams  of  that  country. 

When  exposed  to  the  action  of  flowing  water  this  material  is 
reduced  quickly  to  its  original  form,  the  coarser  particles,  in  the  form 
of  sand,  are  carried  down  stream,  a  varying  distance,  but  the  finer 
particles,  which  in  some  cases  form  by  far  the  greater  portion  of  the 
mass,  are  carried  off  in  complete  suspension,  in  which  condition  they 
are  held  for  a  long  time.  Even  when  the  speed  of  the  flow  has  slack- 
ened or  has  come  to  a  practical  standstill,  as  in  the  case  of  a  stream 
emptying  into  a  lake  or  reservoir,  the  process  of  deposit  is  slow. 

All  accounts  and  descriptions  of  the  physical  character  of  the 
Isthmus  of  Panama  agree  that  it  is  volcanic,  and  the  speaker's  obser- 
vations, made  while  crossing  the  Isthmus  on  two  different  occasions, 
confirm  the  view  that  the  general  description  of  the  covering  strata 
of  Central  America,  just  given,  applies  also  to  the  Isthmus,  possibly  in 
a  somewhat  less  marked  degree.  A  deduction  that  the  Chagres 
River  is  no  exception,  in  this  reBpect,  to  any  of  the  larger  Central 
American  rivers  which  have  come  under  the  speaker's  close  observa- 
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tion,  would  seem  to  be  entirely  logical.  An  inspection  of  the  river  Mr.  Pasohke. 
beds  of  that  region  at  any  appreciable  elevation  above  sea  level,  where 
the  flood  waters  are  entirely  confined  by  the  banks,  will  fail  to  reveal 
evidences  of  the  quantity  of  fine  silt  carried  by  their  flood  waters,  for 
the  reason  that  nothing  but  portions  of  the  coarser  particles — the 
sand  and  gravel — remain,  the  finer  silt  particles  are  carried  down 
stream  in  suspension,  and,  if  the  flood  is  not  large  enough  to  overflow 
the  lower  banks,  are  carried  to  the  sea. 

Returning  now  to  the  discussion  of  the  tide-level  canal,  it  is  to  be 
observed  that  the  proposed  dam  at  Alhajuela  will  serve  most  admirably 
the  two-fold  purpose  of  controlling  the  flood  waters  and  detritus 
brought  down  from  the  upper  valley ;  but,  even  so,  one  is  confronted 
by  the  fact  that  there  exists  the  tendenoy  to  silt  up  this  reservoir  in 
time.  And  if  the  control  of  the  Chagres  waters  depends  upon  the 
unimpaired  capacity  of  this  reservoir,  then  its  gradual  silting  up  is  a 
serious  condition,  and  must  be  reckoned  with  by  the  designers  of  the 
canal  works. 

From  Alhajuela,  at  the  foot  of  its  dam,  to  Gamboa,  where  the  river 
strikes  the  canal,  is  about  7  miles,  according  to  Mr.  Moris  on 's  state- 
ment. Some  tributary  streams  empty  their  waters  into  the  Chagres 
here,  and  their  united  waters,  by  the  time  they  arrive  at  the  canal, 
will  be  highly  charged  with  sediment.  The  proposed  receiving  basin 
at  this  point,  mentioned  before,  can  be  made  a  settling  basin  by  en- 
larging it  and  deepening  it  somewhat  below  the  bed  of  the  canal.  By 
periodical  dredging,  this  basin  can  be  kept  clean,  and  in  this  way  the 
water  entering  the  canal  will  be  freed  of  all  coarser  sediment.  How 
much  of  the  finer  particles  of  silt  would  be  deposited  in  the  canal, 
under  the  varying  conditions  of  current  speed,  will  be,  at  this  time, 
for  want  of  reliable  data  on  this  subject,  purely  a  matter  of  conjecture. 
If  the  speaker  were  to  venture  an  opinion,  it  would  be,  that  the  quan- 
tity deposited  under  these  conditions  would  be  proportionately  insig- 
nificant, and  insufficient  to  cause  doubt  as  to  the  feasibility  of  the  plan. 
Again,  if  the  arguments  just  advanced  are  applied  to  the  plans  for 
a  lock  canal,  and  to  Bohio  Lake  in  particular,  the  conclusion  is 
evident  that  something  must  be  done  to  prevent  the  lake  from  silting 
up.  Two  ways  suggest  themselves,  which,  singly  or  in  combination, 
would  effect  a  partial  remedy.  One  is  that  the  dam  proposed  to  be  built 
at  Alhajuela  for  the  tide-level  canal  would  do  the  same  service  for  the 
lock  canal.  The  other  would  be  to  reserve  the  part  of  the  lake 
from  Alhajuela  to  Gamboa  for  a  settling  basin,  to  be  kept  clean  by 
periodical  dredging. 

In  both  cases,  though,  we  are  confronted  with  the  ever-existing 
danger  of  the  final  silting  up  of  the  lake  by  the  finer  material  which 
cannot  be  precipitated  in  the  settling  basin;  however,  with  the 
ameliorating  condition,  that  the  process  will  be  an  exceedingly  slow 
one. 
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Mr.  Paachke.  To  return  to  the  subject  of  a  sea-level  canal,  it  would  be  interest- 
ing indeed  if  some  of  the  engineers  who  are  members  of  the  Isthmian 
Canal  Commission  could  or  would  give  some  idea  regarding  the 
feasibility,  and  probable  cost,  of  the  so-called  diversion  of  the  Chagres 
River  from  the  Alhajuela  Reservoir,  as  proposed  by  the  old  de  Lesseps 
Company. 

If  this  is  at  all  feasible,  and  the  cost  not  so  great  as  to  be  prohibi- 
tive, under  the  present  circumstances,  then  it  would  seem  that  this 
plan  should  stand  first  on  the  list  for  consideration.  On  the  other 
hand,  should  the  plan  be  found  impractical,  then,  certainly,  the  plan 
for  a  tide-level  canal,  as  outlined  by  Mr.  Morison,  deserves  serious 
consideration  by  the  Commission. 
Mr.  Harrison.  C.  L.  Harrison,  M.  Am.  Soc.  C.  E. — The  question  whether  the 
canal  across  the  Isthmus  of  Panama  should  be  a  sea-level  canal,  with 
only  tide  locks,  or  a  high-level  canal,  with  a  number  of  locks  to  reach 
the  summit-level,  has  been  a  subject  of  discussion  ever  since  the  pro- 
ject was  first  proposed.  The  author  has  presented  some  of  the  diffi- 
culties involved  in  constructing  a  sea-level  canal,  but  there  are  still 
others  which  can  be  inferred,  but  maybe  more  specifically  mentioned. 
If  the  Chagres  River  is  taken  into  the  canal  at  or  near  Obispo,  then 
the  canal  from  this  point  to  Colon  must  be  large  enough  to  take  the 
flood  volume  of  the  river  at  Obispo,  and,  in  addition  thereto,  all  the 
tributary  streams  between  that  point  and  Gatun. 

Assuming  that  the  depth  is  35  ft.,  bottom  width,  400  ft.,  with  side 
slopes  of  2  to  1,  and  that  the  discharge  of  the  river  is  100  000  en.  ft 
per  second;  then,  in  the  canal  from  Obispo  to  Colon  there  would  be  a 
surface  slope  of  from  12  to  14  ft.,  and  a  mean  velocity  of  more  than  4 
miles  per  hour,  and  perhaps  a  maximum  velocity  of  6  miles  per  hour,  in 
parts  of  the  canal.  If  this  flood  volume  were  to  be  of  frequent  occur- 
rence or  long  duration,  it  might  be  advisable  to  make  a  larger  channel 
and  thus  reduce  the  slope  and  the  velocity  of  the  water  in  the  canal 
But  there  is  another  phase  of  the  subject  which  must  be  considered, 
viz.,  sedimentation. 

A  channel  of  the  foregoing  dimensions  would  have,  at  low  water,  a 
cross-section  of  17  450  sq.  ft.  If  the  discharge  were  17  450  cu.  ft.  per 
second,  then  the  mean  velocity  would  be  1  ft.  per  second.  At  such  a 
velocity  the  very  fine  particles  of  material  suspended  in  the  water 
would  settle  to  the  bottom  of  the  canal,  and  sand  would  be  deposited 
when  the  discharge  was  50  000  cu.  ft.  per  second.  It  is  probable  that 
a  greater  discharge  than  this  would  carry  the  suspended  matter  out 
into  the  bay  at  Colon,  and,  in  addition,  scour  out  some  of  the  de- 
posit which  had  been  made  at  lower  stages  of  the  river.  The  net  re- 
sult of  this  would  be  that  nearly  all  the  sediment  carried  by  the 
Chagres  River  would  have  to  be  dredged  out  of  the  canal  between 
Obispo  and  Colon,  or,  out  of  the  Bay  of  Limon  at  Colon,  which  would 
make  the  cost  of  maintenance  very  great. 
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The  author  estimates  that  "the  time  in  which  the  discharge  at  Mr. Harrison. 
Gamboa  would  exceed  35  000  cu.  ft.  per  second,  or  that  at  Bohio 
50  000  on.  ft.  per  second,  would  probably  not  be  more  than  ten  days  in 
twenty  years."  This  wonld  mean  that  there  wonld  be  some  sedimen- 
tation in  the  canal  at  practically  all  times;  but  there  are  no  data  to 
determine  the  quantity  of  suspended  matter  carried  in  the  water  or 
the  quantity  of  sand  and  gravel  moved  along  the  bed  of  the  river  by 
the  force  of  the  current.  At  low  and  medium  stages  of  the  Chagres 
the  water  is  not  nearly  as  muddy  as  the  Mississippi  River  above  St. 
Louis,  and  carries  less  sediment  than  the  Bud  son  Biver  above  Troy. 
The  speaker  has  not  observed  the  condition  of  the  Chagres  at  flood 
times.  Whatever  this  quantity  may  be,  it  is  certain  that  a  large  part 
of  it  would  have  to  be  removed  from  the  channel  by  dredging.  This 
is  by  no  means  a  difficult  thing  to  do,  but  it  is  an  item  of  cost  for 
maintaining  the  channel. 

In  the  sea-level  canal  it  would  also  be  necessary  to  provide  some 
special  method  of  taking  into  the  canal  all  the  streams  from  Gatun  to 
Obispo.  Much  the  largest  of  these  is  the  Chagres  at  a  point  near 
Gamboa.  The  flood  discharge  at  this  point  may  vary  for  different 
years  from  30  000  to  100  000  cu.  ft.  per  second,  and  it  must  be  con- 
ducted from  the  river,  which  is  about  75  ft.  higher  than  the  bottom 
of  the  canal,  into  the  canal  in  such  a  way  as  not  to  produce  cross- 
currents which  would  impede  navigation  or  erode  the  banks.  This 
would  require  the  construction  of  a  dam  across  the  river,  together- 
with  an  apron  down  to  about  the  level  of  the  bottom  of  the  canal,  and 
then  the  excavation  of  a  new  channel  from  this  point  to  the  river,  on 
an  alignment  that  would  cause  it  to  enter  the  canal  in  a  direction 
nearly  parallel  to  it.  If  this  dam  and  the  channel  leading  from  it  to 
the  canal  were  not  built,  then  the  slope  of  the  bed  of  the  Chagres 
would  be  readjusted  for  miles  up  stream,  and  all  material  eroded  in 
this  readjustment  would  be  deposited  in  the  canal  and  would  have  to 
be  removed  by  dredging. 

These  structures,  for  controlling  a  flood  volume  of  100  000  cu.  ft. 
per  second,  would  be  very  expensive.  The  cost  would  depend  on  the 
character  of  the  foundations  to  be  had  and  the  kind  of  structure  to  be 
built,  and  also  upon  the  distance  the  dam  would  be  located  up  stream 
from  the  canal.  The  data  are  not  at  hand  for  designing  these  struct- 
ures and  estimating  their  cost,  but  it  is  certain  to  be  a  large  item. 
Similar  provision  must  be  made  for  taking  into  the  canal  all  the 
streams  between  Obispo  and  Gatun,  but  they  are  small  compared  with 
the  Chagres.  It  may  be  that  the  author  has  included  these  two  items 
in  his  estimated  cost  for  a  sea-level  canal;  but  if  he  has  not,  then  they 
may  properly  be  added.  Independent  channels  for  the  canal  and  the 
river  would  avoid  these  difficulties,  but,  unfortunately,  no  safe  loca- 
tion for  such  a  river  channel  has  yet  been  found  that  could  be  con- 
structed at  a  reasonable  cost. 
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Mr.  Harrison.  From  a  personal  study  of  the  situation,  the  speaker  believes  that 
the  summit-level,  as  proposed  by  the  author  and  the  Isthmian  Canal 
Commission,  with  the  long  spillway  at  Gigante,  is  the  best  solution  of 
the  problem.  It  makes  the  control  of  the  much-dreaded  Chagresboth 
easy  and  certain. 

In  the  author's  estimate  of  cost,  20,%  is  added  for  engineering,  po- 
licing, sanitation,  and  all  other  expenses  not  included  in  the  unit 
prices  for  the  various  classes  of  work.  This  may  seem  excessive  to 
those  not  familiar  with  the  climatic  conditions  and  the  work  to  be 
done.  The  canal  is  located  in  a  tropical  country,  which  is  hot  for 
twelve  months  in  the  year  and  wet  for  from  eight  to  nine  months. 
Exposure  to  the  night  air  or  the  midday  sun  iB  almost  certain  to  pro- 
duce sickness  in  the  unacclimated  peoples  of  the  North,  from  which  all 
the  technical  talent  must  be  secured.  In  this  climate,  work  and  all 
other  things  must  be  done  in  moderation.  It  will  require  twice  as 
large  an  engineering  force  as  similar  work  would  require  in  this  coun- 
try. The  water  supply  and  sanitation  must  be  provided  and  main- 
tained, which  will  be  an  item  of  considerable  cost.  The  brush  and 
timber  must  be  cut  and  burned  on  the  entire  area  of  Lake  Bobio, 
which  is  about  40  sq.  miles.  Should  this  not  be  done,  the  dead  timber 
would  float  in  the  lake,  impede  navigation  and  interfere  materially 
with  the  operation  of  the  locks.  The  allowance  of  20%  seems  to  be 
too  small,  rather  than  too  large. 

In  the  first  paragraph  on  page  43,*  the  author  has  outlined  briefly 
a  most  important  feature  in  the  "  conduct  of  the  work/'  which,  to 
neglect,  is  but  to  invite  disaster,  great  increase  in  the  cost  of  the  whole 
work,  and  longer  time  for  its  execution. 

There  are  but  two  seasons  known  on  the  Isthmus,  the  wet  season, 
which  is  generally  from  May  to  January,  and  the  dry  season,  which  is 
generally  from  January  to  May,  though  in  many  years  either  of  these 
seasons  may  begin  earlier  or  later  than  the  months  above  mentioned. 
The  domestic  water  supply  during  the  wet  season  is  collected  in  tanks 
from  the  rain  which  falls  on  the  roofs  of  the  houses,  and  this,  usually, 
is  pure  and  always  abundant,  for  it  rains  every  day;  but  during  the 
dry  season  the  water  is  obtained  from  occasional  rains  and  from  water 
which  was  stored  in  the  tanks  during  the  wet  season.  The  result  is 
thai  the  better  class  of  people  has  a  sufficient  supply  to  last  through 
the  dry  season,  but  the  laboring  class  does  not,  and  secures  water 
from  the  most  convenient  streams  or  swamps.  The  dry  season  is 
usually  considered  much  more  healthful  than  the  wet  season.  While 
on  the  Isthmus,  as  Chief  Engineer  for  the  Isthmian  Canal  Commis- 
sion, the  speaker  collected  health  statistics  which  showed  that  the 
sickness  and  death  rate  were  much  greater  during  the  dry  season  than 
during  the  wet  season.  An  analysis  of  these  statistics  revealed  the 
*  Proceedings*  Am.  Soc.  C.'E.,  for  January,  1908. 
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fact  that  in  the  dry  season  there  was  less  sickness  among,  the  better  Mr.  Harrison, 
classes  of  people  and  more  among  the  poorer  classes.  This,  no  doubt 
was  caused  largely  by  the  different  water  used  for  domestic  purposes 
during  that  season,  and  points  to  the  great  importance  of  having 
good  water  at  all  seasons  for  everyone.  It  is  equally  important  to 
provide  efficient  sanitation  at  all  times.  If  a  good  domestic  water 
supply  and  proper  sanitation  are  not  provided,  and  an  epidemic 
should  break  out  during  the  first  year  of  active  operations  pn  the 
Isthmus,  it  would  not  only  result  in  great  loss  of  life,  but  it  would  be 
exceedingly  difficult  and  very  expensive  to  secure  an  adequate  force  of 
workmen  to  complete  the  construction  within  the  time  contemplated. 

The  author,  in  the  closing  sentence  of  his  paper,  very  forcibly 
states  the  sanitary  conditions  under  which  he  expects  the  work  to  be 
done,  and  his  estimates  of  cost  are  evidently  based  on  such  conditions. 

The  Isthmian  Canal  Commission,  in  making  its  estimate  of  cost, 
contemplated  perfect  sanitary  and  police  control.  From  page  261  of 
its  report,  the  following  is  quoted: 

"  A  considerable  population  has  long  existed  on  the  Panama  route, 
and  it  lies  on  a  pathway  of  comparatively  large  trade,  along  which 
currents  of  moving  people  from  infected  places  sometimes  converge, 
thus  creating  conditions  favorable  to  epidemics." 

These  conditions  may  be  somewhat  worse  when  a  great  many 
laborers  are  employed  in  building  the  canal.  From  page  262  of  this 
report  the  following  is  quoted : 

"  In  order  to  exercise  the  rights  necessary  for  the  construction  of 
the  canal  and  for  its  management  after  completion,  the  United  States 
should  acquire  control  of  a  strip  of  territory  from  sea  to  sea  sufficient 
in  area  for  the  convenient  and  efficient  accomplishment  of  those  pur- 
poses. Measures  must  also  be  taken  to  protect  the  line  from  unlaw- 
ful acts  of  all  kinds,  to  insure  sanitary  control,  and  to  render  police 
jurisdiction  effective.  The  strip  should  be  not  less  than  5  miles  wide 
on  each  side  of  the  center  line  of  the  Canal,  or  10 miles  in  total  width." 

The  treaty  made  recently  between  the  United  States  and  the  Re- 
public of  Colombia  for  the  construction  of  the  Panama  Canal,  gives 
the  United  States  sanitary  and  police  control  over  a  zone  of  territory 
about  3  miles  wide  on  each  side  of  the  center  line  of  the  canal,  or  a 
total  width  of  about  6  miles,  .which  is  a  material  reduction  from  the 
10-mile  zone  recommended  by  the  Commission.  But  this  restriction 
is  not  as  objectionable  as  placing  the  control  of  the  towns  of  Colon 
and  Panama',  which  are  within  the  6-mile  zone,  under  the  joint  con- 
trol of  the  native  and  United  States  authorities.  It  would  be  better 
if  the  control,  during  the  time  of  construction  were  vested  solely  in 
the  United  States.  Everyone  coming  to  the  Isthmus  will  pass  through 
one  or  the  other  of  these  ports,  and  their  inhabitants  would  be  the 
fir^t  to  be  exposed  to  any  contagious  or  infectious  diseases  brought 
to  the  Isthmus  from  other  countries.     It  is  important  that  the  towns 
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Mr.  Harrison,  should  be  put  in  the  very  best  possible  sanitary  condition  and  kept 
so  daring  the  whole  time  the  work  is  being  done.  Enforcement  of 
the  regulation  for  this  purpose  would  be  easier  under  single  than 
under  dual  control. 

Mr.  »unau,  P.  BuNAU-VARmLA,  Esq.— In  or  about  the  year  1884  the  speaker 

started  the  first  dredge  to  cut  the  channel  in  the  Bay  of  Panama,  and 
at  that  time  it  was  the  opinion  of  nearly  all  the  people  on  the  Isthmus 
that  every  bucketful  dredged  from  that  channel  would  be  washed  back 
at  once.  For  that  reason  Commander  Lull,  when  projecting  his  line 
across  the  Isthmus,  threw  the  entrance  of  the  canal  to  the  east  side 
of  the  City  of  Panama  in  order  to  avoid  the  mouth  of  the  Bio  Grande, 
which  is  the  point  where  the  entrance  is  now  located. 

The  work  had  been  studied  diligently  by  the  speaker  before  he 
went  to  the  Isthmus,  and,  on  arriving  there,  he  observed  two  facts 
which  confirmed  his  opinion  that  the  work  would  be  successful  and 
that  the  depth  of  such  an  entrance  could  be  maintained.  First,  the 
entrance  to  the  canal  in  Panama  Bay  is  perfectly  quiet,  the  little  Bay 
of  Panama  being  in  a  sheltered  position  within  the  larger  bay,  known 
as  the  Gulf  of  Panama,  so  that  the  heavy  seas  from  the  great  storms 
from  the  Pacific  do  not  enter  it.  The  bay  is  remarkably  still.  Sec- 
ond, the  sedimentation  and  consequent  filling  in  of  the  bed  of  the 
channel  in  the  bay  would  be  caused  by  the  simultaneous  action  of 
currents  and  waves;  the  waves  put  the  sand  and  silt  in  suspension  in 
the  water  and  the  currents  transport  it,  and  when  an  excavation  is 
reached  the  suspended  matter  settles.  Such  a  current  exists;  it  flows 
continuously  toward  the  west,  but,  owing  to  the  complete  and  regular 
flow  of  water,  there  is  practically  no  material  in  suspension. 

Six  months  after  the  channel  had  been  dredged  it  was  examined 
by  the  speaker,  who  found  that  the  depth  in  the  center  had  been  fully 
maintained.  Although  the  side  slopes  were  modified,  the  depth  on 
the  axis  was  fully  maintained.  This  is  proof  that  the  work  in  the 
bay  will  be  absolutely  successful.  The  channel  is  already  dug  for  a 
part  of  the  distance,  and  ships  enter  and  follow  it.  This  question  is 
not  open;  it  is  closed.  It  is  not  a  question  of  the  future;  it  is  settled. 
In  relation  to  the  question  as  to  the  lock  canal  and  the  sea-level 
canal,  the  speaker  has  no  more  fear  of  sediment  in  the  latter  than  he 
has  of  sediment  in  the  channel  in  Panama  Bay. 

The  water  of  the  Chagres  does  not  flow  through  volcanic  ground. 
The  word  "  volcanic  "  must  not  be  used.  "  Volcanic  "  ground  means 
a  ground  filled  with  active  volcanoes  and  which  produce  rock  which  is 
very  soft  and  liable  to  decay  very  easily  under  the  influence  of  the 
atmosphere.  It  is  true  that  in  a  country  where  there  are  active  vol- 
canoes, the  waters  of  the  rivers  carry  an  enormous  quantity  of  sedi- 
ment. The  Isthmus  of  Panama  was  formed  in  remote  times,  before 
the  human  race  appeared  upon  the  earth,  about  the  end  of  the  tertiary 
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or  at  the  beginning  of  the  quaternary  period,  and  at  the  time  these  Mr.  Bunau- 
volcanoes  were  active,  they  did  not  eject  lava,  but  that  stronger  mate- 
rial called  basalt. 

The  rocks  and  clays  of  Panama  are  extremely  stable,  and,  as  a  rule, 
the  waters  of  the  Chagres  are  pure  and  clean.  Of  course,  during 
great  floods  there  is  a  certain  amount  of  erosion,  but,  at  such  times, 
if  the  water  is  received  into  the  canal,  there  will  be,  also,  an  increased 
current,  which  will  take  up  the  silt  washed  in  and  carry  it  through 
the  canal  and  out  to  sea.  The  speaker  has  no  fear  upon  that  point. 
Of  course,  there  will  be  the  work  of  maintenance,  but,  for  a  canal  of 
that  importance,  what  is  it  to  take  out  500  000  or  1  000  000  ou.  m. 
every  year?  It  is  absolutely  nothing.  In  the  Suez  Canal  more  than 
that  quantity  is  taken  out,  and  the  Suez  Canal  has  not  been  a  failure, 
up  to  this  time. 

There  is  another  very  important  point:  The  idea  of  M.  de  Lesseps, 
that  a  sea-level  canal,  which  has  been  so  successful  at  Suez,  is  the 
final  solution  for  Panama.  A  sea-level  canal  must  be  made  and  will 
be  made  at  Panama.  There  will  be  a  time  when  the  importance  of 
traffic  will  justify  a  passage  of  the  highest  class,  that  is,  a  sea-level 
canal.  But  is  it  justifiable  to  wait  ten  years  longer  in  order  to  give 
the  world  the  benefits  of  that  great  work?  Is  it  not  proper  to  take 
the  intermediate  solution,  the  lock  canal?  The  lock  canal  should  be 
constructed  now,  for  that  assures  an  earlier  completion  of  the  long 
expected  work.  It  will  give  a  very  satisfactory  canal  for  a  number  of 
years.  But  the  time  will  come  when  the  character  of  the  traffic  will 
be  so  transformed  that  it  will  demand  the  transformation  of  the  lock 
canal  into  a  sea-level  canal.  This  can  be  accomplished  without  stop- 
page of  navigation,  although  it  will  cost  much  more  to  finish  the 
canal  while  it  is  in  operation  than  to  make  it  prior  to  such  operation. 

From  all  standpoints,  the  speaker  would  justify  the  lock  canal 
now;  it  will  answer  admirably  the  needs  of  navigation  for  a  limited 
number  of  years — perhaps  twenty  or  thirty — but  thirty  years  will  not 
pass  before  the  absolute  necessity  of  a  sea-level  canal  will  be  seen, 
and  plans  for  its  transformation  will  be  begun.  Ten  years'  earlier 
opening  justifies  the  less  satisfactory  form,  to  be  in  time  transformed 
into  its  final  shape,  the  American  Bosphorus. 

Geobge  S.  Morison,  Past-President,  Am.  Soc.  C.  E.  (by  letter). —  Mr.  Morteon. 
Replying  to  Mr.  Meigs'  first  question,  the  Chagres  is  not  unlike  many 
rivers  in  the  eastern  and  southern  parts  of  the  United  States.  It  has 
about  the  same  range  between  maximum  and  minimum  discharges, 
and  is  subject  to  the  same  hydraulic  laws.  There  is  only  one  respect 
in  which  it  differs  from  them  essentially.  The  rainfall  in  the  Chagres 
basin  is  double  what  it  is  on  our  rivers ;  the  result  is  that  the  same 
maximum  flood  is  obtained,  from  an  area  of  less  than  900  sq.  miles  of 
drainage  basin,  which  would  come  from  four  times  this  area  in  the 
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Mr.  Morison.  United  States.  Twice  as  much  rain  must  be  disposed  of;  this  means 
either  a  larger  flood  or  a  smaller  basin;  in  the  smaller  basin  the  flood 
has  less  distance  to  travel.  With  one-quarter  the  area  of  drainage 
basin,  we  have  one-half  the  aggregate  rainfall  with  one-half  the  dis- 
tance to  ran  off,  which  means  the  same  maximum  discharge  but  i 
flood  lasting  but  half  as  long. 

The  Chagres,  under  ordinary  conditions,  is  a  clear  stream  with  a 
fall  of  from  2  to  4  ft.  to  the  mile.  In  the  upper  river  there  are  no 
signs  of  silt  or  other  alluvial  deposit,  but  between  Alhajuela  and  Gam- 
boa  there  is  some  small  amount  of  bottom  land  and  silt  deposit.  The 
erosion  of  this  bottom  land  in  times  of  flood  is  apparently  the  chief 
source  of  sediment  in  the  lower  river.  With  the  high-level  canal  plan 
this  silt  region  will  be  drowned  and  this  erosion  stopped.  The  amount 
of  sediment  which  will  be  brought  into  Lake  Bohio  is  less  than  must 
be  expected  in  any  of  our  Atlantic  harbors.  With  the  tide-level  canal 
the  danger  will  continue,  but  the  amount  of  such  erosion  can  hardly 
be  considered  excessive. 

With  reference  to  the  difference  between  the  elevation  of  the 
Chagres  in  flood  times  at  Gamboa  and  the  bottom  of  the  proposed 
tide-level  canal,  anything  approaching  a  vertical  drop,  if  it  were  pos- 
sible, would  be  destructive.  Such  a  drop,  however,  is  impossible. 
The  bed  of  the  Chagres  is  earth,  not  rook.  If  it  were  rock,  this  would 
be  the  place  to  build  the  upper  dam.  If  ever  a  tide-level  canal  is 
built,  the  broad  channel  which  will  carry  off  the  drainage  of  the 
Chagres  must  be  extended  at  least  a  mile  up  the  valley  beyond  the 
canal,  and  such  barriers  must  be  constructed  as  will  retard  the  flood  in 
the  river  and  thereby  reduce  its  destructive  force.  No  plan  has  ever 
been  worked  up  in  detail  to  meet  this  provision,  the  tide-level  canal 
being  removed  from  present  consideration  for  the  reasons  given  in  the 
paper. 

The  estimates  made  in  the  paper  are  adapted  from  the  estimates 
prepared  by  the  Isthmian  Canal  Commission  and  used  in  reaching  its 
conclusions.  The  principal  savings  are  in  the  Bohio  Dam,  in  the  re- 
duced amount  of  excavation  in  the  Culebra  Cut  and  the  shallower 
portions  of  Lake  Bohio,  in  the  reduced  excavation  on  the  Pacific  level, 
and  dispensing  with  the  diversion  channels  on  the  Chagres  above 
Gatun,  the  Gatun  Channel  being  retained.  The  oost  of  the  canal 
itself  from  Colon  to  Lake  Bohio  is  slightly  increased,  the  Commission's 
estimate  of  the  two  being  as  follows: 

Commission's  Tiger  Hill 

Plan.  Line. 

Atlantic  Maritime  Level 819  006  199  $12  184  981 

Tiger  Hill  Level 5  638  874 

"    Lock  and  Spillway 5  024  056 

Bohio  Locks 11  567  346  9  014  632 

$30  573  544        $31  862  543 
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The  increase  of  $1  290  000  is  more  than  balanced  by  a  saving  of  Mr.  Moriaon. 
$2  700  000  in  the  cost  of  the  diversion  channels.     By  removing  the 
canal  to  the  more  direct  line,  the  present  canal,  which  is  now  actually 
the  bed  of  the  Chagres,  is  left  available  as  a  diversion  channel,  a  use 
to  which  it  is  admirably  adapted. 

There  are  four  questions  which  the  writer  would  like  to  have  dis- 
cussed at  this  time: 

The  first  of  these  is  the  relative  merit,  under  the  circumstances,  of 
the  tide-level  and  the  high-level  canal,  the  difference  of  cost  and  time 
being  as  now  estimated.  The  great  difference  is  the  time  required  for 
construction,  which  would  be  fully  ten  years  longer  for  the  tide-level 
than  for  the  high-level  canal.  The  tide-level  canal  could  not  be  with- 
out locks.  A  20-ft.  tide  on  the  Pacific  side  makes  a  tide  lock  neces- 
sary. The  gates  of  this  tide  lock  could  stand  open  at  certain  stages 
of  the  tide,  so  that  it  would  not  absolutely  limit  the  length  of  ships 
passing  through,  but  with  a  tide-level  canal,  the  same  limiting  sizes 
would  exist  for  the  greater  part  of  each  day  as  with  a  high-level  canal. 
The  tide-level  canal  would  be  a  canal  for  the  whole  width  of  the 
Isthmus,  although  a  portion  of  it  would  be  pretty  wide.  The  advan- 
tages of  the  inland  lake  would  be  lost.  The  inland  lake  makes  two 
short  canals  with  good  anchorages  and  good  repairing  ground  between 
— this  is  no  small  advantage. 

The  next  question  is  whether  it  is  important  to  try  to  reduce  the 
size  of  the  locks  below  the  great  lift  proposed  in  the  plans  of  the 
Commission  for  the  locks  at  Bohio.  By  using  the  third  lock  at  Tiger 
Hill,  as  described  in  the  paper,  the  normal  lift  of  the  locks  is  reduced 
from  42  to  28  ft.  There  is  not  the  slightest  doubt  that  a  lock  with  a 
42-ft.  lift  can  be  made  and  used,  but  an  injury  to  such  a  lock  in  case 
of  accident  would  be  much  more  serious  than  to  a  smaller  lock  of  less 
lift.  Whether  there  is  any  more  danger  of  injury  occurring  is  a  point 
which  may  be  considered.  Even  with  three  locks,  the  time  of  passing 
through  the  eastern  canal  will  be  a  little  less  than  the  time  of  passing 
through  the  western  canal.  Which  is  to  be  preferred,  the  two  locks 
of  42- ft.  lift  or  the  three  of  28-ft.  lift? 

The  third  question  is  the  water  supply  for  the  summit  level  of  the 
canal.  The  Chagres  Biver  supply  is  adequate  for  all  but  three  months 
of  the  year.  This  deficiency  can  be  obtained  by  drawing  water  from 
the  lake.  It  can  be  obtained  by  another  reservoir  above  Alhajuela. 
In  the  writer's  judgment,  it  is  best  to  postpone  the  final  decision;  to 
build  the  canal  with  no  provision  for  this  additional  water,  but,  for 
the  first  few  years  it  is  operated,  to  allow  the  depth  of  water  in  the 
canal  during  the  extreme  dry  season  to  be  reduced,  perhaps  from  35 
to  33  ft.,  and,  ultimately,  to  provide  a  reservoir  above  Alhajuela  to 
make  good  this  deficiency.  This  would  save  something  in  the  first 
cost  of  construction,  and  would  ultimately  give  an  indefinite  supply. 
Is  it  right  or  wrong? 
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Mr.  Morison.  The  fourth  question  is  whether  it  is  expedient,  in  a  harbor  like 
Panama  Bay,  with  an  extreme  tide  of  20  ft.,  to  construct  a  channel 
giving  a  maximum  depth  at  all  stages  of  tide,  at  an  additional  cost  of 
about  95  000  000.  The  reduction  of  this  channel  is  one  of  the  items 
which  has  reduced  this  estimate  below  the  Commission's  estimate. 
With  a  channel  85  ft.  below  mean  tide,  a  ship  requiring  25  ft.  could 
always  come  in.  A  ship  requiring  35  ft.  could  come  in  18  hours  out 
of  the  24  How  much  is  it  worth  while  to  pay  for  this  additional  6 
hours  a  day  for  ships  of  extreme  draft?  At  high  tide,  with  the  chan- 
nel as  described  in  the  paper,  the  depth  would  be  45  ft.  "With  a 
channel  35  ft.  deep  below  low  water,  it  would  be  55  ft.  There  are  few 
harbors  with  large  tides  where  anything  like  this  has  been  done. 
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William  Babolay  Pabsons,  M.  Am.  Soc.  C.  E. — Engineers  are  Mr.  Parsons, 
accustomed  to  put  into  structures  materials  which  are  expected  to 
remain  unimpaired  for  a  great  many  years,  but  are  obliged  to  take 
a  great  deal  on  faith;  therefore  it  is  especially  interesting  to  examine 
any  material  whose  age  can  be  thoroughly  authenticated,  and  whose 
state  of  soundness  or  decay  can  be  ascertained  accurately. 

Last  autumn,  while  inspecting  the  subway  construction  of  the 
Metropolitan  Railway  in  Paris,  the  speaker  was  shown  some  timbers 
which  had  formed  part  of  the  foundations  of  an  old  building  erected 
In  the  fourteenth  century;  and  the  chief  engineer,  Mr.  M.  F.  Bien  venue, 
has  very  kindly  sent  some  pieces  of  the  piles  and  the  timber  grillage, 
which  now,  on  his  behalf,  and  in  his  name,  the  speaker  takes  great 
pleasure  in  presenting  to  the  Society. 

*  The  discussion  of  this  subject,  for  which  no  formal  paper  was  presented,  is  printed 
In  Proceeding*  in  order  that  the  views  expressed  may  be  Drought  before  all  members  of 
the  {Society  for  further  discussion.  (See  Rules  for  Publication,  Proceeding**  Vol.  XXV, 
p.  71).  Communications  on  this  subject  received  prior  to  April  24th,  1008,  will  be 
published  subsequently. 
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Mr.  Parsons.        The  following  is  a  translation  of  the  letter  accompanying  these 
specimens : 

On  October  5th,  1902,  while  excavating  the  trenches  under  the 
Place  de  la  Bepublique,  for  that  part  of  the  Chemin  de  Fer  Metropoli- 
tan between  Courcelles  and  Menilmontant,  there  was  discovered  a 
great  quantity  of  oak  piling  supporting  an  oak  platform. 

The  piles  were  from  1.50  to  2.00  m.  in  length,  and  from  20  to  25 
cm.  in  diameter.  The  lower  part  of  each  was  sharpened  to  a  square 
point,  but  bore*  no  traces  of  iron  banding  or  of  crushing.  The  width 
of  the  platform  timbers  varied  from  50  to  70  cm.,  and  their  thickness 
from  10  to  15  cm. 

This  wood,  which  was  a  true  pile  foundation,  has  been  identified 
as  composing  part  of  the  foundations  of  the  old  "  Porte  du  Temple." 
having  formed  part  of  the  wall  of  Paris  during  the  reign  of  Charles 
V  (1364-1380).  The  preservation  of  the  wood  is  perfect,  notwith- 
standing the  fact  that  it  has  been  in  place  since  the  fourteenth 
century. 

The  lower  part  of  the  piles  was  embedded  in  a  green  argillaceous 
sand,  while  the  upper  part  was  in  a  blackish,  marshy  soil,  filled  with 
sulphurous  and  ammoniacal  gases. 

The  lower  part  of  the  platform  was  about  at  elevation  29.00  at  the 
point  where  it  was  uncovered,  the  elevation  of  the  surface  of  the 
ground  at  the  Place  de  la  Bepublique  being  about  37.00.* 

On  top  of  the  specimen  of  the  pile  may  be  seen  fragments  of  the 
cement  or  lime  probably  used  to  level  out  under  the  grillage.  When  the 
wood  was  received,  a  few  weeks  ago,  it  was  intact,  but,  by  lying  in  the 
speaker's  office,  the  heat  has  produced  certain  checks  and  cracks.  The 
pile  is  in  a  perfect  state  of  preservation,  the  wood  is  soft — not  hardened 
at  all — and  resembles  a  piece  of  wood  which  has  been  in  the  ground 
"but  a  short  time. 

The  two  specimens  of  the  grillage  on  top  of  the  piles  are  also 
-checked,  owing  to  the  office  heat,  but,  on  both  pieces — the  larger 
piece  especially — remnants  of  the  bark  maybe  seen,  showing  that  even 
the  bark  is  still  intact. 

It  is  interesting  to  recall  that  these  pieces  of  wood  were  put 
in  the  ground  at  a  period  before  the  discovery  of  America  equal 
in  length  to  that  period  which  has  elapsed  since  the  Declaration  of 
Independence. 

As  indicative  of  the  fact,  however,  that  French  soil  is  not  the 
only  kind  which  will  preserve  wood,  sections  of  the  first  water  pipes 
laid  in  the  City  of  New  York,  by  Aaron  Burr's  Company,  about  the 
year  1800,  have  been  found  recently  in  Centre  Street  and  the  adjoin- 
ing streets,  by  the  contractors  for  the  Bapid  Transit  Commissioners. 
These  are  not  as  old  as  the  French  wood,  but,  nevertheless,  they  are 
sufficiently  venerable,  as  they  have  now  passed  into  their  second  cen- 
tury. Some  of  the  pipes  are  quite  decayed  where  they  have  been  buried 
in  dry  sand,  but  where  there  has  been  moisture  in  the  sand,  the  wood 
is  still  sound. 

*  The  original  letter  of  Mr.  Bienvenue,  together  with  the  samples  of  wood,  and  a  plan 
of  the  exact  location  of  the  old  foundation,  are  on  file  in  the  Library. 
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Rudolph  P.  Miller,  Assoc.  M.  Am.  Soc.  C.  E.—  Considerable  in-  Mr.  Miller, 
terest  has  been  aroused  by  the  demolition  of  a  modern  steel-skeleton 
building  in  New  York  City.  Many  varying  expressions  as  to  what 
would  be  revealed  when  the  steelwork  should  be  exposed,  especially 
as  to  its  state  of  preservation,  led  the  Superintendent  of  Buildings 
for  the  Borough  of  Manhattan  to  have  the  building  examined  carefully 
during  its  demolition.  Photographs  and  notes  have  been  taken  since 
the  work  of  demolition  started  about  six  weeks  ago.  The  building 
has  not  yet  been  taken  down  completely,  and  a  full  report  on  the  mat- 
ter is  not  yet  prepared.  The  photographs,  unfortunately,  do  not  show 
the  condition  of  the  material,  it  being  difficult  and  practically  impos- 
sible to  distinguish  on  the  pictures  between  rust  and  discolorations 
due  to  the  adhesion  of  particles  of  the  fire-proof  coverings,  yet  they 
can  serve  conveniently  the  purpose  of  illustrating  some  of  the  facts  to 
be  noted. 

The  building  was  situated  on  the  north  side  of  Forty-second  Street, 
running  from  Broadway  to  Seventh  Avenue,  and  was  known,  variously, 
as  the  Thorley  Building  and  the  Pabst  Building. 

It  was  erected  about  four  years  ago,  having  been  started  in  Octo- 
ber, 1898,  and  completed  about  a  year  later. 

The  steelwork  was  put  in  during  the  months  of  December,  Jan- 
uary, February  and  March.  The  structure  was  about  25  ft.  deep,  of 
an  average  length  of  about  54  ft.,  and  was  nine  stories  high,  or  about 
108  ft.     The  foundations  were  on  rock. 

The  construction  consisted  of  a  frame  of  Z-bar  columns,  with 
beams  and  girders  carrying  the  floors  and  walls  at  each  story.  The 
walls  were  of  brick,  except  those  of  the  second  story,  which  were  of 
limestone,  the  first  story  having  an  iron  front. 

The  steelwork  when  delivered  at  the  site  had  received  one  coat  of 
carbon  paint.  It  was  put  up  as  fast  as  delivered,  and  was  followed 
very  quickly  by  the  masonry.  In  some  portions  of  the  work  the  ma- 
sons were  so  clo.se  behind  the  erectors  that  part  of  the  framework 
probably  never  received  a  second  coat  of  paint. 

It  is  interesting  to  note  that  the  steelwork  in  the  fourth,  fifth  and 
sixth  stories  showed  more  rust  than  that  in  the  stories  either  above 
or  below  them. 

The  interior  columns,  for  the  most  part,  were  enclosed  in  hollow 
terra  cotta  blocks,  but  by  no  means  always  solidly.  Along  the  webs 
of  the  Z-bars,  at  right  angles  to  the  web  of  the  columns,  the  contact 
between  the  steel  and  the  fire-proof  covering  was  generally  com- 
plete. On  the  other  sides  of  the  columns,  however,  the  terra  cotta 
blocks  were  often  placed  spanning  the  space  between  the  Z-bars, 
leaving  a  void  between  the  fire-proofing  and  the  main  web  of  the 
column.  The  steelwork  was  in  equally  good  condition  on  all  sides  of 
the  columns.     These  columns  showed  little  patches  of  rust  here  and 
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Mr.  Miller,  there,  but  none  that  ceroid  not  be  explained  by  some  cause  at  work 
before  the  steel  was  put  in  place.  For  instance,  the  rust  may  have 
set  in  nnder  the  mill  scale  before  the  columns  -were  painted  or  set,  not 
being  visible  from  the  outside,  as  the  mill  scale  is  a  non-corrosive 
oxide  of  iron.  There  was  in  no  case  a  general  or  extended  rusting  of 
any  steel  member.  The  points  where  rust  showed  in  the  oolumns 
most  generally  were  the  rivet  heads  and  the  connections. 

The  connections  were  the  parts  most  affected  by  rust.  The  worst 
example  of  corrosion  in  the  building,  thus  far,  is  illustrated  in  Fig  1* 
Plate  XXX.  In  this  case,  practically  the  entire  inside  of  the  splice 
plates,  where  they  show  black  on  the  photograph,  was  rusted,  and  the 
faces  of  the  connections  that  were  in  contact  were  rusted.  The  speaker 
has  no  doubt  that,  in  setting  one  column  above  another,  considerable 
force  was  used,  and  the  friction  between  the  parts  was  sufficient  to 
rub  off  the  shop  coat  of  paint.  The  heads  of  the  field  rivets  were  the 
places  where  rust  was  oftenest  found,  yet  in  no  case,  except  in  that 
illustrated,  was  the  rust  of  a  thickness  that  could  be  measured  by 
ordinary  means.     In  this  case  the  thickness  was  from  0.02  to  0.025  in. 

The  wall  columns  were  encased  in  brickwork,  8  ins.  thick  on  the 
outside  and  4  ins.  thick  on  the  inside,  the  inside  4  ins.  being  what  is 
known  as  furring  bricks.  In  some  of  these  columns  there  were  indica- 
tions of  rust  in  layers,  as  shown  in  Fig.  2,  Plate  XXX.  The  steel  was 
free  from  rust  where  the  cement  mortar  came  in  contact  with  it,  but 
between  such  points  it  appears  as  though  the  porous  brick  permitted 
the  entrance  of  sufficient  moisture  to  start  rust;  but,  again,  in  no 
measurable  quantity.  This  is  in  accord  with  observations  made  in  a 
number  of  other  instances  where  alterations  in  a  building  have  ex- 
posed steel  oolumns. 

The  floor  beams  and  girders  throughout  the  interior  of  the  build- 
ing, except  the  top  flanges,  were  encased  in  the  cinder  concrete  form- 
ing the  floor  arches  of  the  building.  The  concrete  was  made  up  in 
the  ordinary  proportions  for  that  form  of  construction  (that  is,  1  part 
cement,  2  parts  sand  and  5  parts  cinders),  and  was  a  fair  sample  of 
cinder  concrete  as  generally  used  in  building  construction  in  New 
York  City.  Yet  the  steelwork  thus  protected  was  remarkably  free 
from  rust.  Where  there  was  any,  it  was  in  very  small  patches,  more 
generally  on  the  rivet  heads,  and  it  was  probably  there  before  the  floor 
arches  were  placed. 

Practically  the  only  place  where  any  rust  was  shown  was  on  the 
webs  of  the  channels  forming  the  frame  for  the  stair-well  and  elevator 
shaft,  and  then  it  was  on  the  shaft  side,  where  it  was  not  covered  with 
some  protective  material  other  than  paint. 

The  wall  girders,  encased  in  brickwork  on  the  outside,  showed 
signs  of  rust  along  the  edges  of  the  flanges  toward  the  outside  of  the 
building.     This  was  more  especially  true  of  those  in  the  northerly 
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Fio.  2.— Rust  Showing  on  Steelwork  where  Cement  Was  Not  in  Contact  with  Steel. 
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wall,  which,  for  most  of  its  height,  was   exposed  to  the  weather.  Mr.  Miller. 
The  adjoining  building  to  the  north  was  of  four  Btories.     The  flanges 
of  these  wall  girders  came  within  about  2  or  3  ins.  of  the  outside  of 
the  wall  of  the  building. 

A  built-up  girder,  in  the  westerly  wall,  at  the  second-story  floor 
level,  shows  two  patches  of  rust  on  the  web  of  the  girder.  .No  ex- 
planation has  been  found  for  these  patches  of  rust,  which  are  excep- 
tional. The  sides  of  the  girders  were  thoroughly  encased.  It  may  be 
remarked  that  the  present  indications  are  that  the  steelwork  yet  to  be 
removed  from  this  building,  in  the  basement  and  cellar  stories,  will 
show  considerably  more  rust  than  any  taken  out  of  the  upper  part  of 
the  building.  It  should  be  noted  that  the  steelwork  was  erected  dur- 
ing very  bad  weather,  and  the  location  was  a  particularly  damp  one. 
On  one  or  two  occasions  the  work  had  to  be  stopped  on  account  of 
snow  storms  or  rain. 

The  concrete  of  the  floor  filling  was  segmental  in  form,  and  was  sup- 
ported by  temporary  centering,  consisting  of  J-in.  round  bars  spaced 
about  9  ins.  apart,  which  stiffened  the  wire  netting.  This  centering 
was  rusted  throughout  the  building — generally,  however,  only  on 
the  side  exposed — and  the  rust  is  not  more  than  would  develop  during 
the  drying  out  of  such  a  floor  construction.  This  floor  was  hidden 
and  covered  over  by  a  flat  ceiling,  secured  to  the  lower  flanges  of  the 
beams.  The  rusting  evidently  did  not  continue  after  the  floors  had 
dried  out  and  the  ceiling  had  been  put  in  place. 

The  boiler  stack  of  the  building  was  of  -ft  and  J-in.  sheet-steel, 
and  was  covered  with  asbestos. 

The  stack  was  completely  covered  with  rust,  the  asbestos  covering 
evidently  offering  no  protection,  although  the  galvanized  wire  woven 
into  the  asbestos  covering  was  as  bright  as  the  day  it  was  put  in. 

The  expanded  metal  used  in  the  partitions  was  very  badly  rusted 
throughout  the  building.  This  may  have  been  rusted  when  put  in, 
for  such  material  is  generally  sent  to  a  job  in  bundles,  and  lies  about, 
exposed  to  the  weather,  for  some  time  before  being  put  in  place;  but 
the  material  of  the  partitions,  which  was  a  patent  plaster,  evidently 
did  not  arrest  the  corrosion,  but  probably  increased  it. 

One  6-in.  floor  beam,  shown  in  Fig.  1,  Plate  XXXI,  was  rusted  badly 
for  an  area  of,  perhaps,  1  sq.  ft. ;  but  all  the  indications  are  that  this 
beam,  over  this  particular  spot,  was  never  painted.  Evidently,  the 
beam  was  marked  at  this  place  at  the  mills  before  being  painted,  and, 
when  painted,  this  spot  was  not  touched,  in  order  not  to  obliterate  the 
marks. 

All  steelwork  erected  in  New  York  City  is  supposed  to  receive  a 
coat  of  paint  after  being  set,  but  this  is  not  always  done,  for  several  rea- 
sons— sometimes  to  save  the  expense,  which  the  speaker  is  sure  was  not 
the  case  in  this  instance;  often  because  of  the  un trustworthiness  of 
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Mr.  Miller,  the  workmen,  who  shirk  those  parts  which  are  difficult  of  access; 
again,  when  the  masons  are  following  close  behind  the  steel  erectors, 
they  will  not  wait  for  the  painting.  The  tops  of  beams  and  girders  do 
not  often  get  the  second  coat  of  paint  because  the  erectors  in  climbing 
over  the  steelwork  are  more  likely  to  slip  on  the  freshly  painted  sur- 
faces. Fresh  paint  in  the  connections  is  likely  to  spurt  ont  daring 
riveting,  and  therefore  connections  are  often  neglected. 

To  show  how  the  beams  come  to  the  site  nnpainted  sometimes,  a 
photograph  of  some  steelwork  delivered  for  a  new  building  in  New 
York  City  is  shown  in  Fig.  2,  Plate  XXXI. 

Where  the  shop  marks  are  placed  on  the  beams,  they  have  not  been 
painted  over  at  all,  and,  in  this  instance,  the  beams  have  already  rusted 
at  such  places.  The  same  beams  also  show  indications  of  rust  along 
the  connections,  as  indicated  by  the  chalk  marks — not  much,  to  be 
sure— but  whether  or  not  this  incipient  corrosion  will  continue  is  an 
open  question.  It  is  very  doubtful  that  the  rust  will  be  scraped  off 
before  the  next  coat  of  paint  is  put  on,  and  if  not,  it  is  doubtful 
whether  the  paint  will  be  of  much  use.  It  is  difficult,  too,  to  follow  the 
painting  during  erection.  To  meet  this  difficulty,  some  architects 
specify  that  the  steel  shall  be  painted  with  red  lead  before  delivery, 
and  with  carbon  paint  during  construction.  They  can  then  tell  by  the 
color  whether  or  not  the  second  coat  is  complete.  All  unpainted  steel 
that  came  out  of  this  building,  whether  enclosed  or  not,  was  rusted. 

The  speaker  has  been  describing  the  places  where  rust  was  found, 
but  it  should  be  stated  that  the  quantity  of  rust  in  this  building  was 
small.  Most  of  the  cases  were  found  in  the  fourth  and  fifth  stories, 
where  the  rust  spots  were  most  frequent.  The  steel  frame,  generally, 
was  remarkably  clean  and  free  from  rust.  The  conclusions  to  which 
these  studies  lead  simply  corroborate  those  of  which  engineers  have 
already  felt  fully  convinced — that  paint,  applied  properly,  is  a  protec- 
tion to  steel,  at  least  for  a  certain  time;  that  cement  mortar  is  a  very 
efficient  protection  for  steel,  and  that  ordinary  cinder  concrete  also 
serves  this  purpose  quite  satisfactorily. 
Mr.  Hill.  George  Hill,  M.  Am.  Soc.  C.  E. — The  speaker  has  thought  of  this 
subject  under  certain  headings: 

First  — The  preservation  of  materials  of  construction  against  atmos- 
pheric deterioration,  a  branch  which  can  be  dismissed,  because,  in 
general,  the  use  of  such  materials  as  will  be  safe  against  the  action  of 
frost  or  the  elements  is  always  attempted. 

Second. — The  preservation  from  injury  due  to  soot  or  dirt  from  the 
atmosphere,  a  branch  of  the  subject  with  which  the  speaker  has  had 
very  little  experience.  Many  handsome  buildings  are  spoiled  by  reason 
of  the  soot,  and  attempts  have  been  made,  by  the  use  of  glaze  on  terra 
cotta,  and  by  various  forms  of  materials  supposed  to  be  impervious,  or 
by  paraffine  compounds  applied  to  the  exposed  surfaces,  to  prevent 
this,  and  it  is  claimed  that  this  has  been  done  successfully. 
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Third. — Protection  from  dampness  striking  through.  In  that  par-  Mr.  Em. 
ticular  line,  the  speaker  has  had  some  experience  with  certain  walls 
made  of  patent  plaster,  Portland  cement  and  sand,  2  ins.  in  thick- 
ness, and  used  as  external  walls  of  manufacturing  buildings,  coated 
with  some  of  the  compounds  which  are  on  the  market,  and  has  found 
that  they  were  efficient.  He  has  also  had.  experience  with  brick  walls, 
coated  on  the  inside  with  similar  compounds,  and  has  found  that  the 
dampness  was  excluded.  In  general,  it  may  be  said  that  there  are 
certainly  half  a  dozen  different  compounds,  which  can  be  obtained  at 
a  reasonable  cost,  which  will  protect  buildings  from  deterioration 
through  the  striking  in  or  the  transmission  of  dampness. 

Fourth. — When  it  comes  to  the  preservation  of  metallic  structures, 
the  speaker  thinks  that  this  discussion  should  be  in  the  nature  of  an 
experience  meeting,  and,  in  general,  the  failures  rather  than  the  suc- 
cesses should  be  described.  For  instance,  during  the  last  five  years 
the  speaker  has  erected  quite  a  number  of  buildings  with  external  . 
curtain  walls,  composed  of  hard  plaster,  Portland  cement  and  sand  in 
equal  parts,  the  scratch  coat  being  applied  to  uncoated  metallic  lath, 
making  the  thickness  of  the  scratch  coat  about  1  in.,  then  a  surfacing 
coat  of  Portland  cement,  £  in.  thick,  was  applied  on  each  side,  making 
the  curtain  walls  a  total  thickness  of  about  2  ins.  These  buildings 
have  been  put  up  at  various  times,  the  latest  one  being  about  four 
years  old.  All  are  in  first-class  condition  at  present,  with  the  excep- 
tion of  one. 

This  building  is  one  of  four,  and  was  erected  in  the  winter.  The 
scratch  coat  was  alternately  frozen  and  thawed  several  times.  Two  years 
after  the  building  was  finished  it  was  found  that  the  outer  surfacing 
of  cement  was  cracking  and  falling  off.  Sheets  having  an  area  of  8  or 
10  sq.  ft.  came  off,  leaving  the  scratch  coat  bare.  This  was  left  alone, 
and  the  deterioration  or  destruction  of  this  wall  has  been  going  on 
for  about  two  years.  The  entire  wall  now  is  in  rather  bad  shape,  and  it 
is  proposed  to  put  it  in  good  order.  In  every  case  there  was  a  separa- 
tion between  the  finishing  coat  and  the  scratch  coat,  and,  in  general, 
the  wire  lath,  where  it  was  on  the  surface  of  the  scratch  coat,  or  where 
the  scratch  coat  came  very  close  to  the  surface  of  the  lath,  was  very 
badly  rusted;  but,  in  places,  this  was  little  more  than  a  discoloration. 
In  other  places,  the  wire  lath,  while  rusted,  was  probably  in  exactly 
the  same  condition  as  when  the  plaster  was  first  applied  to  it;  because 
sometimes  several  days  elapsed  after  the  bare  lath  was  erected  before 
it  could  be  covered,  and  there  is  no  doubt  that  during  that  time  it 
rusted. 

The  adjoining  building,  erected  in  the  following  spring,  is  in 
absolutely  perfect  order  to-day,  and  all  the  other  buildings  are  in 
equally  good  condition,  so  that  this  failure  was  due  to  the  alternate 
thawing  and  freezing  of  the  scratch  coat,  which  prevented  the  forma-  . 
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Mr.  Hill,  tion  of  a  proper  bond  between  it  and  the  surfacing  coat.  It  may  be 
that  the  surfacing  coat,  which  was  of  undue  thickness,  reaching  in 
places  as  much  as  1  in.,  was  too  thick,  and  that  that  was  responsible 
for  a  small  part  of  the  trouble. 

Fifth. — In  the  protection  from  oxidation  of  such  a  metallic  structure 
as  Mr.  Miller  has  described,  the  speaker  has  observed  a  few  cases 
where  the  paint  on  the  steel  has  been  protected  with  metal  lath  and 
Portland  cement,  and  in  every  case  has  found  that  it  afforded  a  suf- 
ficient protection. 

In  the  matter  of  painting,  although  personally  interested  in  one 
paint  concern  and  very  well  satisfied  as  an  individual  with  its  product 
for  forming  a  preservative  coating,  it  is  the  speaker's  belief  that  there 
are  several  paints  or  preservative  coatings  for  metallic  structures,  to 
be  had  at  the  present  time,  which  will  give  satisfactory  surfaces  when 
applied  properly;  in  fact,  the  intelligent  application  of  the  covering, 
-  in  accordance  with  the  manufacturer's  directions,  has  almost  as  much 
to  do  with  a  satisfactory,  service  as  the  composition  of  the  paint. 

Sixth. — In  protection  against  fire  the  speaker  had  one  experience 
which  is  instructive.  The  building  was  of  the  ordinary  steel-skeleton 
type,  and  a  fire  occurred  on  the  fifth  floor,  the  heat  being  sufficiently 
intense  to  soften  the  steel  steam-pipe  risers,  so  that  the  deflection  in 
some  cases  was  as  much  as  6  ins.  It  also  melted  the  brass  air-valves 
on  the  radiators.  The  flames  passing  out  of  the  windows  melted  the 
solder  in  the  copper  cornice,  five  stories  above.  The  Fire  Department 
was  able  to  erect  a  water-tower  and  direct  the  stream  from  it  horizon- 
tally into  the  building,  and  the  fire  was  put  out  by  drowning;  that  is, 
the  entire  floor  was  filled  until  the  water  flowed  out  over  the  window 
sills.  This  stream  struck  several  of  the  columns,  all  of  which  were 
wrapped  with  wire  lath  and  plastered  with  Portland  cement  and  sand, 
with  a  thickness  of  about  f  in.,  on  which  the  white  ooating  was  applied. 
This  covering  resisted  the  effects  of  the  heat  and  the  hose  stream  in 
every  case  except  one,  where  a  portion  of  the  covering,  about  18  ins. 
long  and  12  ins.  wide,  was  torn  off;  but,  evidently,  that  did  not  occur 
until  the  fire  was  practically  out,  because  the  paint  on  the  column— 
the  building  had  been  erected  about  a  year  and  a  half — was  intact  and 
not  blistered  by  the  heat. 

Some  years  ago  the  speaker  made  a  series  of  experiments  for  the  rep- 
resentatives of  the  System  Mel  an,  using  stone  concrete  with  Portland 
cement  surrounding  T-bars  of  steel  bent  into  the  segment  of  an  arch. 
He  found  that  in  every  case,  although  the  steel  sections  had  been 
exposed  to  the  weather  for  from  GO  to  90  days  unprotected,  wherever 
the  concrete  had  been  in  contact  with  the  steel,  no  rust  showed  at  alL 
The  steel  was  not  painted,  and  showed  bright;  but  wherever  there 
were  voids  in  the  concrete,  due  to  the  use  of  rather  dry  concrete  with 
a  stone  aggregate,  rust  had  set  in. 
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'In  the  tests  made,  for  the  expanded  metal  companies,  in  Long  Island  Mr.  HilL 
City,  the  slabs  were  generally  made  of  very  wet  cinder  concrete,  and, 
daring  December  and  January,  for  from  30  to  45  days,  were  exposed 
to  atmospheric  conditions.  The  steel  which  was  embedded  in  the  cinder 
concrete,  or  in  the  gravel  concrete,  as  the  case  might  be,  was  absolutely 
unchanged  after  the  destruction  of  the  slabs.  A  chunk  of  cinder  con- 
crete, in  which  expanded  metal  was  embedded,  and  which,  when  it 
came  to  the  speaker,  was  reputed  to  have  been  exposed  to  atmospheric 
conditions  for  five  years,  was  kept  for  about  a  year  on  his  window  sill, 
where  it  was  exposed  to  atmospheric  conditions  until  the  expanded 
metal  which  projected  was  rusted  about  half  off.  It  was  then  split,  and 
it  was  found  that  the  expanded  metal  embedded  in  the  concrete  was 
clean  and  bright. 

Nearly  two  years  ago  the  speaker  lined  a  very  bad  shaft,  for  the 
Lackawanna  Railroad  Company,  at  Scran  ton,  Pa.,  with  cinder  con- 
crete and  expanded  metal.  The  shaft  was  through  quicksand,  about 
60  ft.  to  rock,  and  was  notorious  for  its  bad  character.  The  wood 
lining  put  in  previously  had  been  in  place  about  six  years,  and  was 
generally  rotted  through.  It  was  necessary  to  replace  it  either  with 
wood  or  masonry.  Expanded  metal  was-  used,  with  Atlas  Portland 
cement  and  furnace  cinders  taken  from  the  ash  pile  at  the  power-house 
operating  the  breaker  in  connection  with  the  mine.  The  cinders  were 
taken  from  this  pile  without  any  seleotion,  and  without  screening. 
A  few  days  ago  an  examination  of  the  lining  was  made,  audit  was  found 
to  be  in  as  good  condition  as  when  put  in.  The  condition  of  the  ex- 
panded metal  could  not  be  ascertained  very  well,  but  if  there  had 
been  any  deterioration,  if  the  Portland  cement  and  the  cinder  concrete 
had  not  been  an  absolute  protection  to  the  iron,  the  character  of  the 
water  surrounding  that  shaft  and  constantly  flowing  through  it  was 
such  that  it  would  have  eaten  up  every  portion  of  the  iro,n  within  a 
year.  It  is  believed  that  under  such  conditions  the  cinder  concrete 
acts  as  an  absolute  protection  to  the  steel. 

It  seems  to  the  speaker  that  it  -would  be  of  great  interest,  and  a 
great  benefit  to  the  Society,  if  the  Special  Committee  on  Uniform  Tests 
of  Cement  should  have  its  scope  extended,  so  that  an  investigation 
could  be  made  of  the  effect  of  neat  Portland  cement,  Portland  cement 
used  with  various  aggregates  and  Portland  cement  adulterated  with 
various  lime  or  patent  materials,  in  respect  to  the  preservation  of  steel. 
The  Society  can  certainly  do  very  useful  work  along  this  line,  and  if 
such  tests  were  extended  to  cover  the  use  of  cement  in  the  way  in  which 
it  is  actually  used,  so  that  some  analogy  could  be  drawn  between  the 
test  as  made  and  the  use  to  which  the  cement  is  put,  its  utility  would 
be  increased  still  further. 

Among  the  practical  builders  in  New  York  City,  there  are  a  good 
many  curious  notions.     Some  of  them  have  told  the  speaker,  with  great 
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Mr.  Hill,  seriousness,  that  it  was  very  dangerous  to  embed  a  steel  grillage  in 
neat  Portland  cement;  that  the  cement  burned  the  steel,  and  that  this 
effect  was  entirely  overcome  if  a  little  lime  were  added.  Others  have 
said  that  it  was  not  possible  to  grout  a  cast-iron  base  with  pure  Port- 
land cement,  because  it  invariably  swelled,  and  so  on,  through  the 
whole  list.  Everyone  who  has  done  any  work  has  undoubtedly  heard 
the  various  peculiar  notions  of  the  "  practical "  men,  those  who  have  a 
certain  amount  of  hand  knowledge,  and  who  do  not  use  their  heads  in 
connection  with  it. 

As  far  as  the  speaker's  observation  goes,  steel  which  has  been  prop- 
erly embedded  in  concrete  remains  absolutely  unimpaired  and  perfect 
in  its  condition.  The  effect  of  painting  or  oiling  the  steel  before  the 
application  of  concrete  does  not  seem  to  be  injurious,  in  view  of  the 
fact  that  the  steel  cannot  always  be  covered  immediately.  In  the  pro- 
tection of  relatively  large  sections — with  the  exception,  perhaps,  of  the 
steel  which  goes  into  the  grillages,  where  a  most  perfect  covering  is 
desirable — it* would  be  well  to  give  the  steel  one  or  two  coats  of  paint; 
but,  for  the  grillages,  especial  care  should  be  taken  to  cover  them 
thoroughly,  and,  in  such  cases,  as  intimate  a  contact  as  possible  should 
be  secured  between  the  concrete  and  steel. 

In  the  application  of  steel  for  the  re-enforcement  of  concrete,  the 
fundamental  principles  are  that  the  steel  should  be  used  in  small  sec- 
tions and  of  such  form  that  it  will  retain  its  position  in  the  mass 
of  concrete  by  reason  of  the  form  rather  than  by  reason  of  the 
adhesion  between  the  concrete  and  the  steel;  so  that  a  preservative 
coating  would  have  only  a  small  influence  on  the  strength  of  the  com- 
bination; but,  as  the  preservative  coating  is  expensive,  and  makes  the 
steel  unpleasant  to  handle,  and  as  the  steel  can  always  be  embedded  in 
the  concrete  promptly  and  thus  preserved \  from  initial  rusting,  the 
speaker  thinks  it  well  that  the  smaller  sections  should  not  be  coated. 

In  the  mixing  of  concrete,  the  usual  practice,  or,  at  least,  the 
practice  that  the  speaker  was  taught,  is  wrong.  It  is  very  much  easier 
to  make  concrete  too  dry  than  too  wet.  The  concrete  in  the  Pabst  Build- 
ing, described  by  Mr.  Miller,  was  mixed  so  wet  as  to  be  really  muck, 
and  was  deposited  practically  without  tamping. 

In  the  last  few  years  the  speaker  has  used  a  great  many  thousands 
of  barrels  of  Portland  cement  in  concrete,  almost  all  of  which  has  been 
deposited  without  tamping,  and  all  of  it  so  wet  that  the  natural  slope 
was  about  30°  from  the  horizontal.  His  theory  of  the  matter  is  that 
the  very  fine  portions  of  the  cement  are  washed  down  in  that  way, 
and  coat  the  steel  perfectly  and  fully,  and  that  the  excess  of  water 
renders  any  extensive  tamping  unnecessary  and  thereby  effects  a 
material  economy  in  the  cost  of  making  and  depositing  the  concrete. 
The  speaker's  observation  of  a  great  deal  of  concrete  deposited,  usually 
in  thin  sections — sections  of  from  4  to  8  ins.  in  thickness — is  that 
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this  excess  of  moisture  does  not  result  in  a  porous  concrete,  nor  does  Mr.  Hill, 
any  noticeable  shrinkage  resnlt;  but  that,   on  the  contrary,  it  saves 
time. 

One  serious  danger  in  concrete  deposited  during  warm  weather 
is  that  of  an  insufficient  quantity  of  water,  and  a  consequent  drying  of 
the  concrete.  The  following  experience  is  an  illustration  of  this 
danger.  Some  twelve  years  ago,  when  the  speaker  was  designing 
engineer  for  a  firm  of  architects,  it  was  decided  that  a  certain  wind- 
mill tower,  with  a  heavy  stone  base,  should  contain  a  steel  tank  50  ft. 
high  and  14  ft.  in  diameter,  the  stone  base  being  about  25  ft.  in  dia- 
meter. This  stone  base  was  to  enclose  a  small  engine-room,  so  that 
the  tower  had  to  be  supported  directly  over  the  engine-room.  A  steel 
angle-iron  skewback  was  put  in  and  a  Guastavino  arch  formed.  Then, 
to  make  a  leveling  for  the  tower,  a  contract  was  made  with  a  certain 
party  to  fill  the  haunches,  to  a  minimum  thickness  of  1  ft.  over  the 
crown,  with  Portland,  cement  and  broken-stone  concrete.  The  men 
were  careful  to  do  what  they  called  a  good  job.  The  concrete  was 
mixed  very  dry— not  quite  as  moist  as  brown  sugar.  It  was  thoroughly 
well  tamped,  and  then  exposed  to  the  sun  and  wind,  and  dried  out  very 
quickly.  The  tower  was  put  on  before  the  speaker  had  an  oppor- 
tunity to  inspect  it.  That  concrete  was  just  about  as  good  as  so  much 
dried  mud,  and  all  of  it  had  to  be  scraped  ont  with  shovels,  with  the 
occasional  assistance  of  a  pick  and  crowbar. 

WiiiLiAM  Barclay  Pabsons,  M.  Am.  Soc.  C.  E. — The  preservative  Mr.  Parsons, 
effect  of  cement  mortar  on  steel  has  been  noticed  by  the  speaker  in 
the  case  of  some  steel  beams  taken  out  of  the  sidewalk  vault  of  a  build- 
ing on  Fourth  Avenue,  in  New  York  City.  These  beams  were  put  in 
place  in  1880  or  1881,  so  that  they  are  now  about  twenty -two  years  old. 
They  carried  brick  arches  for  most  of  their  length, "but  the  outer  or 
curb  ends  were  embedded  in  rubble  masonry. 

Above  the  jack  arches  a  space  of  2  or  3  ins.  was  filled  with  ashes, 
on  top  of  which  the  sidewalk  was  laid. 

The  beams  are  in  very  good  condition,  except  at  the  ends  near  the 
curb,  and  where  the  rubble  masonry  had  been  cracked  by  the  impact 
of  wheels  against  the  curb,  thus  permitting  water  to  percolate  and 
attack  the  steel. 

On  comparing  the  part  which  had  been  embedded  in  the  masonry 
with  that  part  which  had  carried  the  arches,  it  was  noted  that  the 
latter,  although  it  had  never  been  painted,  was  practically  free  from 
rust. 

The  speaker  would  like  to  ask  the  members  to  give  their  opinions  as 
to  whether  steel  should  be  painted  before  being  embedded  in  masonry, 
or  whether  it  is  better  to  let  the  cement  come  into  direct  contact  with 
the  fresh  metal.  This  is  an  important  question,  because  a  great  deal 
of  steel  is  now  being  embedded  in  concrete. 
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Mr.  Lowinson.  Oscab  Lowinson,  Assoc.  M.  Am.  Soc.  C.  E. — In  reference  to  the 
protection  of  metallic  surfaces,  especially  those  exposed  to  moisture, 
the  subject  that  has  troubled  most  engineers  has  been  the  question  of 
what  is  known  as  the  progressive  oxidation  of  those  surfaces;  for  the 
life  of  a  structure  is  really  dependent  upon  whether  oxidation  which 
started  at  any  period  in  the  life  of  that  metal  will  continue. 

Now,  in  connection  with  structural  steel,  it  has  been. the  speaker's 
custom  to  try  to  get  all  the  rust  off  the  metal  before  painting  it.  He 
has  made  examinations  of  metal  painted  with  various  kinds  of  paints, 
and  found  that  oxidation  frequently  continued  and  caused  increase  in 
rust,  very  slightly  perceptible  for  a  while,  but  after  several  years 
becoming  scaly  and  throwing  off  the  paint.  The  proper  protection  of 
that  metal  by  paint,  he  thinks,  is  necessary,  especially  when  it  is  to 
be  embedded  in  masonry,  or  in  any  case  where  that  metal  will  be  ex- 
posed to  moisture,  because  iron  or  steel  will  only  rust  when  oxygen, 
together  with  moisture  and  carbonic  acid,  is  present. 

It  would  be  advisable  at  all  times  to  make  sure  to  have  a  protective 
coating  of  paint  of  some  kind  in  addition  to  the  pure  cement.  It  is 
undoubtedly  true  that  Portland  cement  is  a  good  protective  coating 
for  steel,  but  it  is  also  true  that  it  is  impossible  to  protect  steel  with  a 
wash  of  Portland  cement,  for  the  reason  that  it  will  not  adhere  to  the 
steel. 

One  question  that  has  been  touched  slightly  by  Mr.  Hill  is  occupy- 
ing the  attention  of  many  architects  at  present,  and,  that  is  the  protec- 
tion of  walls  in  order  to  prevent  the  attacks  of  the  elements,  princi- 
pally the  penetration  of  moisture.  In  fire-proof  buildings,  an  effort  is 
made  to  do  away  with  furring,  because  it  is  found  that  in  most  cases 
a  furring  course  is  not  sufficient  to  prevent  moisture  from  coming 
through  the  wall  and  destroying  the  plaster. 

There  are  on  the  market  at  the  present  time  a  score  of  what  are 
known  as  damp-resisting  compounds,  and  which  are  supposed  to  serve 
as  moisture  repel  lants.  Most  of  these  are  of  no  value  whatever  for  this 
purpose. 

These  damp-resisting  compounds  may  be  divided  into  two  classes: 
Those  which  are  put  on  the  inner  surface  of  an  exposed  wall,  the  plaster 
.  being  applied  directly  on  the  paint;  and  those  which  are  applied  on  the 
exterior  surface  of  a  wall,  over  which  is  put  a  coat  of  good  paint,  for  a 
finishing  surface.  Of  the  first  variety,  the  only  correct  kind  is  a  hydro- 
carbon compound,  which  should  be  free  from  tar,  pitch  and  oil,  and 
should  also  be  proof  against  alkali.  It  should  be  a  sticky  or  non-dry- 
ing compound,  to  which  cement  mortar  or  plaster  will  adhere  per- 
manently, and  which  water  or  moisture  cannot  penetrate. 

The  second  variety,  for  exterior  use,  is  a  chemical  compound,  of 
the  nature  of  a  quick-setting,  very  finely  divided,  hydraulic  cement, 
applied  as  a  paint,  which,  when  partially  set,  cannot  wash  off  in  a  rain 
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storm,  and  whioh  will  take  linseed-oil  paint  without  peeling.      An  Mr.  Lowinsom 

ordinary  cement  wash  will  absorb  moisture,  and  disintegrate;  not  only 

this,  but  it  is  also  common  experience  that  linseed-oil  paint  will  not 

adhere  to  a  cement  surface.     The  reason  is  that,  in  the  hydration  of 

cement,  Caj  O  is  set  free,  and,  with  linseed  oil,  forms  a  lime  soap,  which 

will  wash  off. 

The  theory  of  the  setting  of  cement,  largely  accepted,  is  that  an 
excess  of  moisture  does  not  ordinarily  injure  it,  but  the  cement  in  its 
setting  has  the  inherent  ability  of  rejecting  all  the  unnecessary  water 
in  order  to  permit  it  to  set  properly  and  attain  its  hardness. 

A  sufficiently  thick  layer  of  cement  mortar  on  the  outside  of  a  bri"k 
wall  forms  an  excellent  water  resistant  if  it  has  time  to  set  before 
moisture  or  frost  attack  it.  There  are  two  or  three  materials  on  the 
market  at  present,  which  the  speaker  believes  are  made  of  Portland 
cement,  with  mixtures  of  either  caustic  lime  or  oil,  for  the  purpose  of 
preventing  moisture  from  getting  into  walls. 

In  building  work  it  is  a  very  serious  problem  to  protect  plaster 
properly  from  attacks  of  moisture,  and  a  great  deal  of  time  must  be  de- 
voted to  the  study  of  the  subject  before  enough  is  known  about  the 
resisting  ability  of  these  materials,  to  determine  whether  or  not  they 
are  being  used  properly. 

Henby  B.  Seaman,  M.  Am.  Soc.  C.  E.— In  speaking  of  the  desira-  Mr.  Seaman, 
bility  of  painting  iron  before  embedding  it  in  concrete,  we  should  not 
lose  sight  of  the  fact  that  the  present  tendency  is  toward  the  use  of 
steel-concrete  construction;  and,  in  that  case,  the  steel  should  not  be 
painted.  The  theory  of  the  strength  of  this  form  of  construction  de- 
pends upon  the  adhesion  of  the  concrete  to  the  steel,  and  a  coat  of 
paint  will  prevent  this  adhesion.  In  this  case  the  twisting  or  rough- 
ness of  the  rods  is  all  that  prevents  them  from  slipping.  The  lack  of 
adhesion  of  concrete  to  painted  iron  was  illustrated  recently  where  a 
portion  of  the  side- wall  of  the  New  York  Subway  was  moved  bodily  off 
its  foundation,  to  make  room  for  an  extra  track.  The  side-wall  was 
composed  of  I-beams,  with  concrete  arches  between,  and,  when  it  was 
moved  from  the  foundation  support,  portions  of  the  concrete  arches 
slid  down  the  X -beams  as  though  they  had  been  lubricated. 

The  requirement  that  steel  should  be  bright  and  clean  before  being 
painted  may  be  carried  to  unreasonable  extremes.  If  paint  keeps  the 
oxygen  from  the  iron,  it  will  prevent  further  corrosion,  even  though 
slightly  rusted  when  the  paint  is  applied.  It  is  necessary,  however, 
to  clean  the  iron  of  all  scale,  whether  of  rust  or  other  material,  which 
might  cause  the  paint  to  flake  off.  A  first  coat  of  paint  would  prob- 
ably adhere  better  to  iron  with  a  dull  surface,  than  if  the  iron  were 
bright. 

A  number  of  years  ago  it  was  generally  considered  that  the  Phoenix 
column  would  rust  inside;  and  as  evidence  of  this  condition  the  rusty 
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.  Seaman,  drain  holes  in  the  under  side  of  horizontal  chords  of  truss  bridges 
were  cited.  In  1891,  an  examination  of  one  of  the  columns  of  the 
Einzua  Viaduct  was  made,  in  order  to  ascertain  the  condition  of  its 
inside  surface.  The  viaduct  had  been  in  service  about  nine  years. 
One  of  the  highest  bents  was  selected,  and  a  piece  of  iron,  about  2  ins. 
in  diameter,  was  cut  from  the  underside  of  an  inclined  column,  at  a 
distance  of  about  2  ft.  from  the  base.  As  the  cutting  was  completed, 
the  hard  oxide-of-iron  paint  inside  the  column  was  broken  along  the 
edge  of  the  cut  and  showed  a  clean  bright  surface  on  the  iron.  This 
demonstration  needed  no  further  argument,  and  indicated  that  iron 
would  last  indefinitely  if  kept  from  air  and  moisture.  This  fact  would 
seem  to  be  equally  reassuring  as  to  the  life  of  "  iron -skeleton  "  build- 
ings constructed  in  recent  years. 

It  is  interesting  to  note  the  difference  of  opinion  among  various 
engineers  as  to  the  quantity  of  water  desirable  in  mixing  concrete. 
Some  specifications  require  "water  in  such  quantity  that  the  concrete 
will  not  flush  after  being  rammed,"  which  may  aid  quick-setting,  but 
can  be  fulfilled  by  a  mixture  almost  dry.  On  the  other  hand,  there  is 
the  requirement  that  it  shall  be  floated,  as  mentioned  by  Mr.  Hill, 
though  some  engineers  consider  that  this  would  "drown  "  the  cement. 
A  medium  between  these  two  extremes  is,  perhaps,  preferable,  or,  as 
General  Gill  more  used  to  say:  "  So  much  water  shall  be  used  as  will 
just  flush  the  surface  of  the  concrete  after  thorough  ramming."  It  is 
important,  of  course,  that  the  concrete  should  be  first  thoroughly 
rammed  solid  against  the  steel  surfaces. 
Mr.  Just.  George  A.  Just,  M.  Am.  Soc.  C.  £. — In  so  far  as  the  question 
under  discussion  relates  to  the  deterioration  of  structural  steel  when 
embedded  in  masonry,  Mr.  Miller's  careful  presentation  of  the  condi- 
tions revealed  by  the  demolition  of  the  so-called  "  Pabst  "  Building  is 
very  interesting. 

He  is  in  error  on  one  point,  however.  The  structural  frame  did 
receive  two  coats  of  black  (carbon)  paint,  one  at  the  shops  and  a  sec- 
ond coat  during  erection.  This  last  coat  was  probably  not  applied 
with  any  greater  care  than  is  usual,  under  the  rapid  rate  of  construc- 
tion which  has  now  become  characteristic  for  this  class  of  buildings 
in  New  York  City  and  elsewhere. 

The  limited  life  of  skeleton  buildings,  by  the  early  disintegration 
of  the  frames,  because  of  their  inaccessibility  in  the  finished  structure, 
which  has  been  predicted  so  universally  by  laymen,  is  based  on  no 
knowledge  or  experience.  Failure  in  this  type  is  rather  to  be  looked 
for  from  faulty  design  of  frame  or  footings.  It  is  gratifying,  there- 
fore, that  the  opportunity  thus  presented  to  inspect  a  frame  once 
embedded  in  masonry  shows  it  to  be  remarkably  well  preserved,  con- 
sidered as  a  whole.  On  the  other  hand,  our  deductions  should  be 
made  guardedly,  because  of  what  is  after  all  a  short  lapse  of  time. 
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Just  four  years  elapsed  between  the  erection  and  the  demolition  of  the  Mr.  Just, 
structure.    It  was  erected  and  painted  in  January,  1899. 

The  use  of  particular  kinds  of  paint,  and  the  measure  of  protection 
which  they  afford,  has  b6en  given  undue  prominence  in  the  last  few 
years.  The  question  is  not  as  important  as  the  agent  of  the  paint 
manufacturer  would  have  us  believe.  He  has  occupied  entirely  too 
much  of  our  time,  and  is  to-day  the  bite  noire  of  the  structural  engineer. 
For  instance,  the  paint  now  used  on  the  New  York  Elevated  Railway 
structures,  and  which  answers  its  purpose,  is  practically  the  same  as 
that  which  has  been  used  by  the  engineers  of  the  road  for  the  last  ten 
years  or  more.* 

It  is  true  that  the  circular  chimney  stack,  which  was  painted  with 
another  kind  of  paint,  the  red  oxide  of  iron  ordinarily  used  by  local 
boiler  shops,  seemed  badly  rusted  on  the  outside,  in  strong  contrast 
to  the  well-preserved  columns  looated  close  to  the  stack;  but,  as  a 
matter  of  fact,  this  stack,  on  exposure,  was  found  not  to  be  corroded, 
but  was  well  covered  with  pigment.  It  appears,  however,  that  the 
heat  in  the  stack  had  destroyed  the  oil.  The  pigment  could  be  readily 
removed  by  the  hand,  and  rapid  corrosion  set  in  soon  after  exposure. 
It  would  seem,  therefore,  that  any  conclusion  as  to  the  lack  of  pro- 
tection afforded  by  the  asbestos  jacket  is  untenable.  This  emphasizes 
the  important  office  of  oil  in  paint,  or  rather,  the  less  important  part 
which  the  pigment  takes. 

The  case  under  discussion  also  adds  little  or  nothing  to  our  knowl- 
edge as  to  how  much  protection  was  afforded  by  the  paint  used, 
beyond  the  contained  oil,  for  it  may  be  cited  that  the  oil  in  the  threads 
of  the  tie-rods  and  bolts  was  practically  intact,  and,  where  not  broken 
by  the  nut,  had  formed  a  perfect  protection  against  rust. 

A  further  interesting  development  was  the  fact  that  the  faces  of 
the  beam  girders,  stretching  between  the  columns  in  the  principal 
facade  at  some  of  the  story  levels,  still  retained  an  almost  perfect  coat 
of  paint.  Nor  were  they  marked  by  any  cement  or  mortar,  but  presented 
clean,  black  faces.  It  would  appear,  then,  that  at  these  points  the  front 
st one  was  not  "backed"  by  brickwork,  but  was  set  away  from  the 
webs,  and  hence  it  may  be  concluded  that,  for  limited  periods,  the 
steel,  if  only  encased,  is  as  fully  protected  as  when  embedded  in 
brickwork. 

While  it  may  be  granted  that  exposed  iron  and  steel,  when  kept 
well  painted,  is  protected  against  the  deteriorating  influence  of  rust, 
yet  it  is  equally  true  that  a  sufficient  number  of  instances  have  not 
been  collated  at  this  time  to  permit  us  to  say  the  same  of  the  painted 
steel  frames  embedded  in  the  brick  and  stone  walls  of  modern  city 
structures,  whose  only  excuse  for  existence  is  the  use  of  walls  of  mini- 
mum thickness  which  they  permit.  

*  Transactions,  Am.  Soc.  C.  EM  Vol.  XXXIII,  p.  885. 
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Mr.  Just.  Instances,  throwing  additional  light  on* this  phase  of  the  question, 
therefore,  should  be  welcome.  A  better  illustration  than  the  "  Pabst " 
Building,  if  measured  by  time,  is  found  in  the  case  of  the  Seventy- 
first  Regiment  Armory  in  New  York  City.  Built  for  more  than  twelve 
years,  and  destroyed  by  fire  one  year  ago,  eight  riveted  (Z-°ar)  col- 
umns, Plate  XXXII,  which  supported  the  main  roof,  now  extend 
exposed  from  the  northerly  and  southerly  walls  in  which  they  were 
'  embedded.  These  walls,  now  removed  for  the  upper  half  of  the  length 
of  the  columns,  permit  inspection.  The  columns,  inaccessible  for 
more  than  ten  years,  were  probably  subjected  to  considerable  heat 
during  the  fire,  and  have  now  been  exposed  to  the  weather  for  more 
than  a  year.  Notwithstanding  all  this,  they  show  no  appreciable 
deterioration  by  rust,  which,  while  general  over  the  surface,  is  only 
superficial.  Paint,  apparently  the  red  oxide  of  iron  used  almost  ex- 
clusively at  that  period,  shows,  in  patches,  where  the  brick  filling  has 
fallen  away.  It  remains  especially  good  between  the  flanges  at  the 
top  for  short  distances  below  the  cap,  where  the  brick  filling  seems  to 
have  been  omitted.  For  the  rest  of  their  length  these  columns  were 
well  enclosed  on  all  sides  by  the  brick  laid  in  close  contact  with  the 
metal.  Much  of  this  brick  filling  is  still  in  place  on  the  exposed  part 
of  the  columns,  and,  where  it  no  longer  exists,  the  original  courses  of 
the  brickwork  are  still  marked  against  the  columns  by  stripes  of 
mortar. 

An  interesting  case  of  column  corrosion  was  recently  noted  in  the 
uprights  supporting  the  roof  garden  of  the  "New  York  Theatre, n  at 
Forty-fifth  Street  and  Broadway,  in  New  York  City  (Plate  XXXIII). 

The  load  of  the  all- glass  roof  is  brought  to  the  top  of  these  uprights 
by  four  intersecting  trusses  having  curved  lower  chords.  For  decora- 
tive purposes,  a  part  of  each  column,  commencing  some  distance 
below  the  intersection  of  the  curved  chords  with  the  column,  and 
extending  down  to  the  floor  line,  was  enclosed  by  two  thicknesses  of 
scenery  canvas,  which  had  been  painted  on  both  sides,  and  which  was 
stretched  over  galvanized- wire  cloth,  which  in  turn  was  carried  on  fur- 
ring strips  consisting  of  small  pieces  of  unpainted  wood.  This  arrange- 
ment kept  the  envelope  entirely  clear  of  the  column.  Proposed 
alterations  caused  the  removal  of  these  jackets,  when  it  was  found  that 
every  column  was  entirely  incrusted  with  rust  scale,  from  the  base 
plate  of  the  column,  under  the  floor,  up  to  the  point  to  which  the 
jacket  had  extended.  The  unpainted  wood  furring  and  the  galvanized 
wire  were  in  excellent  condition.  Beyond  this  point,  the  columns,  as 
also  the  intersecting  overhead  trusses,  had  received  a  second  coat  of 
paint.  This  coat  was  of  lead  with  a  light  green  pigment,  which  would 
indicate  clearly  even  traces  of  rust.  All  this  upper  work,  however,, 
was  rustless,  and  the  paint  in  good  condition.  The  lower  and  much 
rusted  part  of  the  column,  it  was  plain,  had  never  received  any  other 
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paint  than  the  "  mill "  coat,  and,  judging  from  what  little  remained,  Mr.  Just* 
was  of  the  usual  red- oxide  variety. 

It  was  evident  that  the  canvas  jacket,  for  its  entire  length,  pre- 
vented the  rapid  evaporation  of  the  water  of  condensation  from  the 
roof,  the  flow  of  which  the  curved  chords  readily  directed  to  and 
down  each  column.  These  columns  have  been  in  place  about  seven 
years. 

In  contradistinction  to  this  case,  it  is  interesting  to  note  the  condi- 
tion of  the  interior  surface  of  structural  members,  built  up  of  shapes, 
in  a  manner  to  form  closed  sections.  Twenty  years  ago,  when  the 
type  of  bridge  popularly  known  as  the  "  Phoenix  "  was  first  meeting 
serious  criticism,  because  of  its  cast  chord  and  post  connections,  and 
inaccessibility  to  the  interior  of  these  members  for  painting,  a  wreck  of 
the  Bell's  Gap  Bridge  on  the  Delaware,  Lackawanna  and  Western 
Railroad  permitted  a  careful  inspection.  It  was  then  found  that  the 
original  coat  of  paint  on  the  interior  of  the  posts  and  chords  was  gen- 
erally in  a  very  good  condition,  notwithstanding  their  exposure  since 
the  wreck.  This  bridge  when  wrecked  had  been  in  place  about  eleven 
years. 

Disks  cut  from  similar  columns,  supporting  a  blast  furnace,  showed 
the  original  coat  of  paint  on  the  interior  surface  to  be  almost  perfect. 
These  columns  had  been  in  place  about  fourteen  years. 

As  to  the  condition  of  iron  when  buried  in  certain  kinds  of  earth 
for  long  periods,  Mr.  Oolin  C.  Simpson,  of  the  Consolidated  Gas  Com- 
pany of  New  York,  says: 

"  Of  the  two  '  bar-shots '  in  my  possession,  the  larger  weighs  about 
20  lbs.,  and  consists  of  a  square  wrought  bar  10  ins.  long,  with  cast- 
iron  hemispherical  heads.  It  was  found  in  the  Kingsbridge  Road  near 
Dyckman  Street  in  1893.  The  heads  are  almost  in  a  condition  as  when 
cast,  while  the  wrought  connecting  bar  is  only  pitted  superficially. 
The  smaller  '  bar-shot '  is  entirely  hand- forged,  and  weighs  8  lbs.  It  was 
found  in  about  the  same  locality  in  1895.  This  shot  is  in  a  good  con- 
dition throughout,  and  the  hammer  marks  are  still  plainly  to  be  dis- 
cerned. Cannon  balls  of  several  sizes  are  so  well  preserved  that  some 
of  them  still  retain  the  marks  of  the  flask  in  which  they  were  cast. 
The  soil  in  which  these  shots  were  found  is  clean,  dry  and  loamy/' 

He  adds: 

"  These  missiles  were  fired,  at  the  time  of  the  American  Revo- 
lution, from  the  British  frigate  Pearl,  anchored  in  the  Hudson  River, 
off  or  near  Dyckman  Street,  during  the  attack  on  Fort  Washing- 
ton, in  November,  1776.  They  have  lost  practically  no  weight  since 
their  use  120  years  ago. " 

The  effect  of  lime  and  cement  mortars,  or  of  concrete,  on  embedded 
iron  or  steel,  while  well  recognized,  has  received  considerable  attention 
in  this  discussion.  In  this  connection  it  may  be  stated  that  the 
framers  of  the  "  Building  Code,"  which  at  present  regulates  the  con- 
struction of  buildings  in  New  York  City,  recognized  the  protection 
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Mr  Just,  which  such  materials  afford  to  iron  and  steel,  when  embedded  in  them. 
Section  25  of  this  code  reads: 

"  Where  metal  is  incorporated  in  or  forms  a  part  of  a  foundation 
it  shall  be  thoroughly  protected  from  rust  by  paint,  asphaltum,  con- 
crete, or  by  such  materials  and  in  such  manner  as  may  be  approved  by 
the  Commissioner  of  Buildings. " 

What  appears  to  be  a  more  serious  question  than  the  corrosion  of 
these  metals,  however,  confronts  those  engineers  who  have  been  engaged 
in  the  construction  of  our  tremendously  large  and  expensive  build- 
ings. This  is  the  recession  of  the  water  level,  which  is  certainly  taking 
place,  at  least,  in  the  lower  part  of  Manhattan  Island.  This  recession, 
probably  due  in  part,  to  the  large  increase  in  the  number  of  "  sky- 
scrapers,' '  vaults  and  subways,  must  have  exposed  to  decay  many  pile 
foundations  where  this  method  of  founding  was  used. 

In  proof  of  this  assertion  it  may  be  stated  that,  for  a  building 
recently  proposed  in  that  section  of  New  York  City,  a  pile  foundation 
as  originally  designed  had  to  be  abandoned  when,  upon  excavating 
the  lot,  it  was  found  that  the  capping  timbers  and  heads  of  the  piles 
in  the  foundation  of  a  large  and  prominent  building  adjoining  on  the 
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west  were  no  longer  protected  by  water  (see  Fig.  1).  The  indications 
showed  that  a  recession  in  the  water  level  of  at  least  2  ft.  had  taken 
place,  in  the  last  ten  or  twelve  years,  or  at  the  rate  of  2  ins.  per  annum. 
Lest  it  be  assumed  that  the  piles  under  this  building  were  originally 
not  cut  off  at,  or  below,  the  water-line,  it  should  be  stated,  on  the 
authority  of  the  engineer  connected  with  the  design  and  erection  of 
the  building  immediately  adjoining  the  proposed  building  on  the  east, 
that  the  concrete  footings  of  that  building  were  laid  in  water.  This 
concrete  base,  of  course,  was  also  shown  to  be  high  and  dry  when  the 
lot  between  the  easterly  and  westerly  buildings  had  been  excavated 
to  a  sufficient  depth. 
Mr.  Gideon.  A.  Gideon,  Assoc.  M.  Am.  Soc.  C.  E. — From  the  data  submitted  by 
those  who  have  discussed  the  method  of  preserving  steel,  it  would  seem 
as  though  no  hard  and  fast  rule  could  be  made  as  to  whether  or  not 
structural  steel  embedded  in  concrete  should  be  painted  first;  as  it 
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depends  largely  on  the  conditions  to  which  the  metal  is  to  be  subjected,  Mr.  Gideon, 
and  the  functions  it  is  to  perform.     Each  individual  case  should  re- 
ceive the  careful  attention  of  the  engineer,  and,  not  unlike  many  other 
engineering  problems,  is  a  question  of  judgment,  guided  by  theory 
and  experience. 

In  cases  where  the  adhesion  of  the  concrete  to  the  steel  is  of  great  • 
importance,  and  where  there  is  no  danger  of  the  concrete  eraoking 
and  breaking  off  or  peeling  away  from  the  metal,  the  previous  paint- 
ing of  the  steel  would  seem  to  be  unnecessary,  as  the  concrete  would 
be  an  ample  protection  against  rust,  and  greater  adhesion  of  the  con- 
crete to  the  metal  could  be  thus  secured. 

On  the  other  hand,  where  the  concrete  is  likely  to  crack  and  break 
off,  thus  admitting  air  and  moisture,  it  would  certainly  be  of  the 
utmost  importance  to  paint  it  as  carefully  as  possible,  and  thus  pre- 
vent it  from  rusting. 

Franklin  Riffle,  M.  Am.  Soc.  C.  E.  (by  letter). — The  preservation  Mr.  Riffle, 
of  the  steel  frames  of  modern  high  buildings  from  corrosion  is  a  matter 
of  vital  importance,  not  only  to  the  engineer  and  architect,  but  to  the 
general  public  as  well.     That  the  subject  is  not  given  the  attention  it 
deserves  is  only  too  apparent  to  the  most  casual  observer. 

The  writer  knows  of  three  skeleton  buildings,  now  in  process  of 
construction,  in  which  the  columns  and  beams  were  neither  oiled  nor 
painted  from  the  time  they  left  the  rolls  at  the  mill  until  they  were 
riveted  in  place. 

At  this  stage  they  were  given  two  coats  of  paint.  Although  the 
steel  was  badly  rusted,  no  attempt  was  made  to  remove  the  rust  before 
painting.  The  presumption  is  that  the  painting  was  designed  to  pre- 
vent further  corrosion;  but  it  is  the  writer's  experience  that  paint 
applied  to  a  coating  of  rust  soon  cracks  and  crumbles  when  exposed 
to  the  influences  which  promote  oxidation.  For  this  reason  it  is 
generally  conceded,  by  engineers  and  architects  who  are  familiar  with 
steel  construction,  that  paint,  to  be  effective,  should  be  applied  to 
the  clean  metal,  preferably  at  the  shop,  before  corrosion  begins,  or,  if 
later,  not  until  every  vestige  of  rust  is  first  removed. 

The  fact  that  steel  skeletons  cannot  be  inspected  after  the  buildings 
are  completed  and  occupied  should  induce  those  who  are  directly 
responsible  for  their  design  and  construction  to  take  every  reasonable 
precaution  to  preserve  the  metal  from  any  possibility  of  corrosion. 
In  the  light  of  present  knowledge,  it  is  a  grave  question  whether, 
under  any  circumstances,  an  architect  is  justified  in  assuming  that  the 
conditions  in  the  interior  of  a  building  are  such  as  to  render  corrosion 
impossible  or  even  improbable.  Examples  are  not  wanting  to  prove 
that  wrought-iron  columns  and  beams  encased  in  brick  masonry  some- 
times corrode  badly  when  not  otherwise  protected.  In  most  steel- 
skeleton  buildings  the  outside  columns  and  beams  are  protected  from  the 
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Mr.  Riffle,  weather  only  by  a  mere  shell  of  stone  or  brick.  Walls  of  this  character 
cannot  prevent  moisture  from  penetrating  to  the  steel  frame  and  cans* 
ing  oxidation.  The  engineer  or  architect  who  has  faith  in  protection 
of  this  sort  is  paving  the  way  for  trouble.  The  failure  of  a  single 
column  or  beam  at  some  future  period  may  result  in  serious  conse- 
quences, involving  the  loss  of  both  life  and  property.  With  such 
possibilities  confronting  him,  is  the  engineer  or  architect  justified  in 
neglecting  to  adopt  such  precautionary  measures,  to  render  his  work 
both  safe  and  durable,  as  the  present  knowledge  of  the  subject  war- 
rants? 

Without  undertaking  to  discuss  the  relative  merits  of  the  various 
steel  preservatives  now  in  use,  the  writer  desires  to  call  attention  to 
the  preservative  qualities  of  Portland  cement.  Not  many  months  ago, 
Mr.  Geo.  W.  Dickie,  Manager  of  the  Union  Iron  Works  of  San  Fran- 
cisco, stated  to  the  writer  that  for  many  years,  and  with  very  satis- 
factory results,  he  had  used  Portland  cement  to  protect  iron  and  steel 
from  corrosion.  He  stated  that  while  recently  repairing  the  iron  hull 
of  a  ship  he  had  occasion  to  remove  a  portion  of  the  cement  floor  which 
had  been  laid  some  forty  years  before.  The  iron  beneath  the  cement 
lining  was  found  to  be  absolutely  free  from  rust.  For  years  it  has 
been  Mr.  Dickie's  practice  to  line  the  iron  and  steel  water  tanks  of 
ships  with  Portland  cement,  applied  as  a  wash,  by  means  of  a  brush. 
He  is  quite  pronounced  in  his  belief  that  a  protective  coating  of  this 
character  is  a  far  more  effective  preventive  of  oxidation  than  most  of 
the  paints  used  for  the  purpose. 

The  fact  that  Mr.  Dickie's  experience  as  a  ship  builder  has  brought 
him  in  contact  with  the  most  active  type  of  corrosion  (that  caused  by 
salt  water)  adds  to  the  value  of  his  observations,  and  is  certainly  a 
strong  plea  for  the  use  of  Portland  cement  as  a  steel  preservative. 
Mr.  North.  Edward  P.  North,  M.  Am.  Soc.  C.  E. — Speaking  solely  of  wood 
pavements :  The  first  wooden  pavement  of  record  in  this  country  was 
laid  in  1835,  on  Broadway,  New  York  City;  another  piece,  about  100 
ft.  long,  was  laid  in  William  Street,  New  York  City,  during  the  next 
year.  There  is  no  record  available  of  the  time  that  this  lasted,  and 
possibly  (if  plank  roads  are  excepted)  there  was  no  wooden  pavement 
laid  in  this  country  from  that  time  until  about  1852  or  1853,  when  a 
wooden  pavement,  known  as  the  Nicholson  pavement,  was  laid  on  a 
bridge  in  Boston.  For  this  pavement,  a  prepared  bed  of  coarse  Rand 
was  made,  on  which  were  laid  1-in.  boards,  swabbed  with  hot  coal- tar 
on  both  sides,  and  on  these  boards  blocks  of  pine,  3  ins.  wide  and  6 
ins.  high,  were  placed,  after  being  dipped  in  hot  coal-tar.  A  strip  of 
wood,  1  in.  x  2  ins.,  was  placed  between  each  row  of  blocks,  and  the 
interstices  thus  formed  were  filled  with  clean  gravel  and  flushed  full  of 
hot  coal-tar. 

Afterward  the  same  pavement  was  laid  in  Chicago,  in  1857  or  1858. 
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Prom  Chioago  the  use  of  this  pavement  spread  over  the  West,  and  was  Mr.  North, 
brought  to  New  York  City  in  the  time  of  Tweed. 

Nearly  all  this  pavement,  with  variants  from  it,  rotted  very  fast. 
It  was  of  untreated  wood,  and,  further,  was  dipped  in  hot  coal-tar, 
generally,  bnt  it  was  learned  that  with  sufficient  traffic  such  a  wooden 
pavement  would  not  rot  before  it  wore  out;  that  is  to  say,  it  would  last 
six  or  eight  years  without  showing  any  sign  of  dozing,  if,  during  that 
time,  it  had  sufficient  traffic  over  it  to  wear  it  down  from  the  original 
thickness  to  about  1}  or  2  ins.,  when  it  commenced  breaking  up.  But 
a  pavement  which  was  laid  in  places  where  the  traffic  was  light  very 
often  commenced  dozing  in  the  course  of  two  years,  so  that  it  was  a 
shell  at  the  end  of  five  or  six  years. 

These  pavements,  as  laid  in  New  York  City,  were  so  unsatisfactory, 
except  one  small  piece  in  Fifth  Avenue  in  the  last  of  the  seventies,  that 
no  wood  pavement  was  laid  until  the  end  of  1895. 

In  England,  the  first  pavement  of  record  was  laid  in  London  in 
1837.  It  was  of  beech.  In  London  there  was  more  or  less  continuous 
nse  of  wood  pavements,  generally  of  hard  wood,  until  about  1875, 
when  patents  were  taken  out  by  various  persons,  nearly  all  specifying 
that  the  wood  should  be  treated  with  dead  oil.  In  some  the  wood  was 
saturated  very  thoroughly,  and  in  others  it  was  merely  dipped  in  dead 
oil.  A  prejudice  has  grown  up  in  England  against  treating  pine  or 
Baltic  fir,  which  may  be  due  to  insufficient  treatment,  that  of  not 
saturating  the  wood  fully. 

Along  in  the  last  of  the  eighties,  two  specimens  of  wood 
grown  on  the  southwest  coast  of  Australia  were  brought  to  London 
for  paving;  one,  the  Karri  wood,  or  Eucalyptus  diversicolor,  and  the 
other  the  Jarrah  wood,  or  Eucalyptus  marginata.  They  are  hard, 
reddish  woods,  with  a  rather  peculiar  odor,  and  it  is  said  that  iron 
driven  into  them  will  not' rust.  Pavements  of  these  woods  were  laid 
in  London  with  very  great  success,  the  claim  being  made  that  the 
Karri  wood  will  last  longer  than  the  Jarrah.  *  The  Karri  wood  was 
brought  over  to  this  country  and  laid  in  New  York  City  in  the  winter 
of  1895,  on  Twentieth  Street,  on  the  block  between  Fifth  Avenue  and 
Broadway,  the  pavement  being  accepted  in  January,  1896.  It  was 
laid  on  a  concrete  foundation.  The  bottoms  of  the  blocks,  which  were 
5  or  6  ins.  high,  were  dipped  about  2  ins.  in  a  preparation  of  pitch, 
the  composition  of  which  was  kept  secret,  the  pitch  being  so  hot 
and  fluid  that  the  coating  was  only  about  iV  in.  thick.  The  blocks 
were  driven  together  as  tightly  as  they  could  be,  conveniently,  and  the 
top  was  covered  with  a  very  thin  grout  of  fine  sand  and  Portland  cement. 
The  west  end  of  that  pavement,  toward  Fifth  Avenue,  has  been  en- 
tirely wrecked  by  the  construction  of  two  large  buildings  with  deep 
foundations.  The  eastern  end,  toward  Broadway,  has  been  left  intact, 
.and  a  large  area  of  it  has  not  been  disturbed.     That  has  now  lasted  a 
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Mr.  North,  few  days  more  than  seven  years,  as  far  as  can  be  learned,  entirely 
without  repair,  and  it  is  in  very  good  condition  to-day,  with  the  prob- 
ability that  at  the  end  of  four  more  years  it  will  be  in  better  condition 
than  any  granite  pavement  that  has  been  laid  in  New  York  City.  This 
is  not  a  case  of  preserving  wood,  but  of  wood  which  preserves  itself. 

In  regard  to  waterproofing  brickwork,  the  attention  of  the  mem- 
bers is  called  to  a  paper  by  the  late  William  L.  Dearborn,  M.  Am.  Soc. 
O.  E.,  read  before  this  Society  on  May  4th,  1870,  entitled  "Experiments 
for  Making  Brick  Masonry  Impervious  to  Water,  Tried  on  the  Walls 
of  the  Back  Bays  of  the  Gate-Houses  of  the  New  Croton  Reservoir  in 
New  York,  and  on  the  Briok  Arch  of  High  Bridge  in  1868."* 
*  Transaction*,  Am.  Soc.  C.  £.,  Vol.  I,  p.  208. 
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John  MoGaw  Woodbury,  Esq.f — In  a  large  city,  all  sorts  of  wastes  Mr.  Woodbury, 
are  found:  Wastes  of  ashes,  garbage,  street  sweepings  and  rubbish; 
the  rubbish  consisting  of  paper,  broken-down  sofas,  discarded  mat- 
tresses, old  shoes,  bureaus,  washstands,  broken  crockery,  dolls,  tooth- 
brushes, tin  cans,  rags,  bottles.  ,  Every  conceivable  kind  of  waste  is 
either  found  in  the  streets,  or  is  put  out  of  the  houses,  for  the  city  to 
dispose  of.  What  shall  be  done  with  it,  has  been  and  is  still  the  ques- 
tion. Heretofore,  in  New  York  City,  most  of  these  wastes  have  been 
disposed  of  by  the  archaic  method  of  dumping  them  into  the  sea.  This 
is  but  an  extension  of  the  first  idea  of  disposal,  which  was  to  throw 
such  wastes  into  the  street. 

This  idea  of  final  disposition  of  refuse  still  exists  in  less  civilized 
communities,  particularly  in  tropical  countries.  It  is  practiced 
all  through  the  West  Indies,  the  only  sewer  being  an  open  one 
running  through  the  center  of  the  street,  into  which  it  is  the  gen- 
eral custom  to  throw  all  wastes,  including  offal.  They  have  but 
little  ashes,  and  the  carrion  crow  and  turkey  buzzard  are  the  common 
scavengers. 

*  Continued  from  the  Proceedings  for  February,  1906. 
t  Commissioner  of  Street  Cleaning,  New  York  City. 
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Mr.  Woodbury.  In  New  York  City,  at  present,  the  speaker  happens  to  be  the  com- 
mon scavenger.  In  Paris,  in  the  time  of  Louis  XI,  there  was  an  order 
appointing  the  hangman  as  the  common  scavenger,  and  giving  him 
permission  to  remove  dead  horses  and  cattle  from  the  streets.  The 
world  has  made  much  progress  since  that  time. 

The  problem  of  garbage  disposal  is  a  vexing  one.  By  the  redaction 
process,  phosphates  and  grease  are  obtained.  By  .the  incineration  of 
garbage  it  is  claimed  that  heat  can  be  obtained,  and  that  this  will  gen- 
erate power;  but  all  experiments  in  New  York  City  show  that  it  takes 
fuel  to  born  the  garbage  in  a  sanitary  manner.  The  question  of  cost  is 
important.  The  best  or  most  scientific  and  sanitary  process  is  not  the 
best  financially. 

Fig.  1,  Plate  XXXIV,  is  a  photograph  of  a  flat  scow  being  unloaded 
in  the  ocean,  outside  of  Sandy  Hook.  It  shows  clearly  the  quantity  of 
flotsam,  much  of  which  will  be  distributed  along  the  beaches  a  little 
later. 

Fig.  2,  Plate  XXXIV,  shows  the  Barney  Dumper  being  unloaded 
at  sea.  It  is  a  divided  boat,  or  catamaran,  and  splits  in  the 
center,  thus  dropping  its  load.  It  is  a  great  improvement  over  the 
flat  scow. 

The  Delahanty  Dumper,  going  to  sea  under  its  own  steam,  is  shown 
in  Fig.  1,  Plate  XXXV.  It  is  also  a  catamaran,  having  pockets  hung 
between  the  two  hulls.  Doors,  hung  by  hinges  in  the  bottom  of  these 
pockets,  are  opened  and  closed  by  steam  power,  thus  discharging  the 
refuse.  By  the  use' of  this  vessel  the  refuse  is  disposed  of  at  a  cost  of 
about  19  cents  per  cubic  yard. 

One  of  the  dumping  boards  of  New  York  City,  with  two  Barney 
Dumpers  and  a  flat  scow,  is  shown  in  Fig.  2,  Plate  XXXV.  This 
method  of  loading  scows  is  also  very  archaic,  as  the  ashes  and  light 
refuse  are  blown  about  by  the  wind.  At  these  dumping  boards,  and 
on  the  scows  while  being  loaded,  a  number  of  men  are  always  engaged 
in  picking  over  or  sorting  the  refuse  and  trimming  the  scows.  Quite 
a  revenue  is  obtained  by  allowing  the  material  of  value  to  be  picked 
from  the  waste,  besides  the  advantage  of  having  the  scows  properly 
loaded. 

The  output  of  rubbish  and  ashes  from  New  York  City  is  about 
2  000  000  cu.  yds.  per  annum.  If  the  rubbish  is  separated  from  the 
ashes,  it  means  a  great  deal  financially.  At  Biker's  Island  land  valued 
at  about  910  000  an  acre  is  now  being  made  by  using  the  ashes  as  fill- 
ing, which  is  certainly  more  economical  than  throwing  this  material 
into  the  sea  and  letting  it  go  to  absolute  waste.  Ashes  make  the  best 
possible  filling,  and  pack  well  behind  the  cribs,  wifich  are  sunk  on  the 
mud  bottom. 

It  is  of  the  utmost  importance  that  dumping  at  sea  be  stopped, 
not  simply  because  it  makes  the  beaches  unsanitary  and  unsightly. 
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Fig.  2.— The  Barney  Dumper,  Being  Unloaded  at  Sea. 
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but  because  it  is  a  waste  of  valuable  material.     The  separation  of  Mr.  Woodbury. 

refuse  is  now  in  good  condition.     The  quantity  of  garbage  sent  to 

the  Sanitary  Utilization  Company  in  1902  was  30  000  tons  more  than 

was  ever  sent  in  any  previous  year.     This  quantity  of  garbage  has 

come  mainly  out  of  the  ashes.     The  rubbish,  also,  is  now  kept  separate 

in  parts  of  the  city,  thus  leaving  the  ashes  almost  a  merchantable 

commodity. 

For  the  disposal  of  rubbish  Mr.  Parsons  has  designed  the  incin- 
erator on  the  pier  at  Forty-seventh  Street  and  North  River.  It  is 
burning  about  60  loads  of  5  yds.  each,  or  about  30  tons  in  eight 
hours,  every  day.  This  rubbish  consists  of  excelsior,  mattresses, 
trunks,  barrels,  boxes,  chairs,  sofas,  paper,  rags,  etc.  These,  in 
burning,  produce  sufficient  heat  to  make  steam  in  boilers  which  will 
furnish  power  to  run  a  belt-conveyer,  now  being  constructed,  which 
will  be  used  for  sorting  the  material.  The*  surplus  power  will  be  used 
for  lighting,  for  the  elevator,  for  a  traveling  runway  to  the  dumping 
board  for  loaded  trucks,  and  possibly  there  will  be  some  power  which 
•can  be  sold. 

The  City  of  New  York  now  receives  8110  000  a  year  for  the 
privilege  of  sorting,  and  when  greater  facilities  are  given  the 
sorters,  as  by  the  conveyer  mentioned,  a  much  larger  sum  will  be 
realized. 

Aside  from  the  sanitary  handling  of  the  refuse,  63  acres  of  land 
have  been  made  at  Biker's  Island,  which  is  equivalent  to  $630  000;  the 
privilege  of  picking  over  the  refuse  has  been  sold  for  8110  000  for  the 
year;  and  the  utilization  of  power  from  burning  the  non-marketable 
refuse  will  bring  the  total  income  up  to  about  $900  000  a  year.  In  this 
way  the  city's  wastes  become  a  source  of  revenue  which  will  help 
materially  in  cleaning  the  streets. 

Charles  B.  Ball,  M.  Am.  Soc.  C.  £. — There  are  two  inquiries  which  Mr.  Ban. 
seem  to  be  pertinent  to  this  subject.  One  is  the  question  as  to  how 
far  it  is  safe  and  desirable  to  use  street  sweepings  as  material  for  fill- 
ing. The  second  relates  to  precautions  to  be  observed  in  handling 
builders'  refuse  resulting  from  the  demolition  of  dwellings  which  have 
been  for  a  long  time  in  an  infected  condition. 

The  Use  of  Street  Sweepings  fob  Filling. 
The  division  of  municipal  refuse  into  four  classes,  as  used  by  Mr. 
Hering: 

/. — Ashes; 

II. — Street  sweepings; 
HI. — Dry  rubbish; 
IV. — Kitchen  garbage; 
is  a  convenient  one  for  the  present  purpose.    It  should  be  remembered 
that  only  in  exceptional  cases    are  street  sweepings  collected  sepa- 
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Mr.  Ball,  rately ,  the  usual  method  being  to  mix  them,  as  found  convenient,  -with 
any  other  class  of  refuse. 

Premises. — To  make  clear  the  proposition  advanced  by  the  speaker, 
let  it  be  assumed,  at  the  outset,  that  kitchen  garbage  alone  ought  not 
to  be  used  as  material  for  filling  low  grounds,  and  that  all  mixtures 
of  garbage  with  either  ashes,  street  sweepings  or  dry  rubbish  are  objec- 
tionable for  this  use  to  the  degree  in  which  they  contain  the  more 
putrescible  ingredients;  also,  that  under  some  conditions  ashes,  and 
sometimes  dry  rubbish,  may  be  utilized  in  this  manner  without  danger. 

The  inquiry,  then,  is  thus  formulated:  Whether  street  sweepings 
alone,  or  mixtures  with  ashes  or  dry  rubbish,  into  which  they  enter  as 
a  principal  element,  are  not  undesirable  materials  for  filling  in  low- 
lands, parks  and  streets?  It  seems  that  this  use  of  sweepings  ought 
to  be  questioned,  for  throe  reasons:  First,  because  of  the  considerable 
percentage  of  organic  matter  which  they  contain;  second,  because  of 
the  disease  germs  which  are  present  in  them;  third,  because  of  their 
objectionable  physical  qualities. 

Prevalence  of  this  Method  of  Disposition. — In  connection  with  the 
general  statements  in  Mr.  Hering's  opening  discussion,  that  the  use 
of  sweepings  for  filling  low  land  is  a  common  one,  certain  data  in  The 
Engineering  Record  of  November  29th,  1890,  are  of  value.  In  a  tabu- 
lated statement  giving  returns  from  seventy -eight  cities  and  towns,  as 
to  the  method  of  disposition  of  street  dirt,  which,  doubtless,  includes 
rubbish  as  well  as  sweepings,  it  is  stated  that  fifty -four  of  these  muni- 
cipalities (69%)  used  such  materials  "  for  filling  low  places  and  private 
lands,  or  for  grading  streets  and  park  grounds." 

From  the  more  comprehensive  statement  summarized  by  A.  Pres- 
cott  Folwell,*  M.  Am.  Soc.  C.  E.,  from  the  detailed  reports  obtained 
for  the  "  Municipal  Year  Book  for  1902,"  it  is  learned  that  741  of  the 
cities  and  towns  having  a  population  in  excess  of  3  000  report  that  street 
sweepings  are  used  for  filling.  This  number  is  76%  of  those  that 
report  upon  the  method  of  disposal.  It  may  also  be  noted  that  the 
Department  of  Street  Cleaning  of  the  City  of  New  York  advertises  that: 

"Persons  having  lands  or  places  in  the  vicinity  of  New  York  Bay  to 
fill  in,  can  procure,  free  of  charge,  material  for  that  purpose— ashes, 
street  sweepings,  etc. — collected  by  the  Department  of  Street  Clean- 
ing. " 

Quantity. — Although  few  statistics  are  obtainable  as  to  the  total 
quantity  of  street  sweepings  handled  by  municipal  authorities,  the 
ratio  which  the  refuse  thus  classified  bears  to  the  total  quantity  col- 
lected  is  ascertainable  for  some  of  the  larger  cities,  as  well  as  the 
quantities  of  sweepings  collected  by  them. 

In  a  table  prepared  for  the  Advisory  Commission  to  Mayor  Hugh 
J.  Grant,  and  published  in  its  report  in  1891,  the  percentage  distribu- 
*  Engineering  News,  November  20th,  1902. 
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Fig.  l.— The  Deulhanty  Dumper. 


Fio.  2.—  Loading  Scows  with  Refuse. 
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tion  of  the  refuse  collected  in  New  York  City  in  the  years  1882-1890,  Mr.  Bail. 

is  stated  to  he: 

Ashes about  62  per  cent. 

Garbage 12 

Ice  and  snow 2        *  * 

Street  sweepings 24        " 

The  statement  made  by  Mr.  Parsons  is  that  the  distribution  by 
volume  is : 

Ashes  57  per  cent. 

Rubbish     25 

Garbage 18 

There  appears  to  be  no  difficulty  in  harmonizing  these  statements, 
it  being  understood  that  street  sweepings  and  rubbish  are  included  in  a 
single  item,  and  that  the  garbage  constituent  may  often  include  many 
kinds  of  waste  which,  in  a  strict  analysis,  should  be  classified  as  rub- 
bish rather  than  garbage.  The  latter  table,  by  Mr.  Parsons,  showing 
the  per  capita  distribution  of  the  refuse  in  Greater  New  York,  gives 
about  18%  by  weight  of  street  sweepings.  From  these,  and  other  less 
complete  data,  it  would  seem  probable  that  2Q%  of  the  total  amount 
of  refuse  well  represents  the  proportion  of  such  material  in  cities 
where  the  collection  is  made  in  well-defined  classes,  or  that,  at  all 
events,  such  a  percentage  is  not  too  large. 

The  report  of  the  operations  of  the  Department  of  Street  Cleaning 
for  the  year  1900,  which  is  the  latest  obtainable,  states  that  it  col- 
lected from  all  of  Greater  New  York,  2  307  594  cartloads  of  "  ashes, 
street  sweepings  and  other  refuse,"  apart  from  the  item  of  garbage, 
separately  named. 

Composition  of  Sweepings. — The  composition  of  street  sweepings 
varies  greatly  with  the  character  of  the  pavements  from  which  they 
are  gathered,  with  the  method  of  sweeping — whether  by  hand  or  ma- 
chine —and  with  the  effectiveness  of  the  separate  collections  of  dry 
rubbish,  such  as  dust,  leaves,  rags,  paper,  metal,  old  leather,  straw, 
wood,  glass,  etc. 

Organic  Constituents. — It  is  obvious  that  sweepings  from  smooth, 
impervious,  elastic  pavements  will  contain  much  greater  percentages  of 
organic  matter  than  such  as  are  collected  from  macadam  or  rough 
stone  pavements. 

The  limits  indicated  by  Baumeister*  are  4%  for  macadam  pave- 
ments to  23%  for  Stone  pavements,  and  60^  for  wooden  pavements. 

An  analysis  of  street  dirt  made  in  1874  by  Professor  Edwin  Waller, 
for  the  Health  Department  of  the  City  of  New  York,  gave,  for  an 
I      average  of  thirteen  samples: 

Water 3.032  per  cent. 

Organic  and  volatile  matters 28 .  454 

Nitrogen 0.369        " 

Mineral 68.514        " 

•  "  Cleaning  and  Sewerage  of  Cities,"  1891  edition,  p.  177. 
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Mr.  Ball.  There  appears  to  be  no  evidence  to  determine  whether  rubbish  was 
or  was  not  included  in  the  samples  for  this  analysis. 

Examinations  of  the  percentage  of  moisture,  ash  and  organic  and 
volatile  constituents  found  in  samples  of  ashes,  sewer  dirt,  street 
sweepings  and  rubbish  collected  in  New  York  City  on  two  different 
dates,  March  14th  and  May  1st,  1902,  give  percentages  of  the  organic 
constituents  varying  from  17.86  to  40.70.  The  average  of  five  analyses 
for  each  of  the  above  dates  was  26.31%  ot  organic  and  volatile  matters. 
The  samples  were  collected  by  the  skilled  chemist  who  made  the 
analysis,  and  garbage  was  excluded. 

The  prevalence,  at  the  present  date,  of  sheet-asphalt  for  street  sur- 
faces, as  well  as  the  constant  increase  in  the  ratio  of  paved  to  unpaved 
streets,  would  be  likely  to  indicate  that  a  higher  percentage  of  organic 
matter  is  common,  and  it  would  seem  that  an  estimated  percentage 
of  organic  matter  in  sweepings  at  least  as  high  as  35%  would  be 
justified. 

Rubbish  Constituents. — If  street-cleaning  machines  are  used  instead 
of  hand-sweeping  methods,  the  resulting  refuse  will  contain  a  smaller 
quantity  of  miscellaneous  rubbish,  as  the  sweepers  and  shovelers  in  the 
latter  case  collect  from  the  gutters  various  articles  of  small  dry  rubbish 
which  the  machines  do  not  touch.  Most  of  these  materials,  such  as 
leaves,  paper,  straw  and  hay,  are  light  and  combustible,  but  consider- 
able quantities  of  waste  metals,  glass,  crockery,  plaster,  etc.,  are  heavy 
and  incombustible. 

Germ  Constituents. — In  addition  to  the  tuberculosis  germs  noted  by 
Mr.  Hering  as  being  abundant  in  street  dirt,  the  bacilli  of  diphtheria 
are  by  no  means  uncommon,  and  typhoid  fever  germs  are  sometimes 
found. 

A  series  of  experiments  was  conducted  by  the  Street-Cleaning 
Department  of  the  City  of  New  York  in  August,  1902,  by  exposing 
Agar  plates,  at  the  curb  level  and  6  ft.  above,  in  various  locations  dis- 
tributed over  the  city,  and  noting  the  number  of  colonies  of  bacilli 
developed  during  a  stated  period.  The  isolation  of  specific  pathogenic 
germs  was  not  attempted,  to  any  considerable  extent,  the  object  being 
to  determine  the  varied  effect  of  different  kinds  of  traffic  in  distribut- 
ing the  bacteria  in  air;  but  a  maximum  of  30  colonies  per  inch-minute 
was  found  in  the  east-side  tenement  district,  and  a  minimum  of  0.06 
colony  for  a  suburban  street  in  the  Bronx. 

The  important  question  respecting  the  danger  from  these  bacilli 
is  that  of  their  viability. 

It  is  now  well  known  that  the  tubercule  bacillus  retains  its  life 
properties  for  long  periods  when  dry,  but  it  is  not  so  well  demon- 
strated that  it  is  dangerous  when  in  a  moist  condition,  such  as  would 
occur  most  frequently  beneath  the  surface  of  a  fill.  Respecting  the 
life  of  the  typhoid  and  diphtheria  bacilli,  there  appears  to  be  no  doubt 
that  these  are  perpetuated  in  damp  surroundings. 
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Professor  Charles  Harrington,  in  his  "Manual  of  Practical  Hygiene  "  Mr.  Ball. 
(1901),  discussing  the  function  of  the  air  as  a  carrier  of  infection 
(pages  226-230),  summarizes  the  extensive  researches  of  Dr.  Eduardo 
Germano  on  the  permanence  of  typhoid  with  the  statement  that  "  this 
germ  as  well  as  that  of  diphtheria  can  live  for  a  long  time  in  moist  sur- 
roundings." 

G.  Lister  Sutcliffe,  in  an  introductory  chapter  in  his  "Sanitary 
Fittings  and  Plumbing"  (1901),  says: 

"Dr.  Sidney  Martin's  experiments  with  the  typhoid  bacillus,  for 
example,  prove  that  it  soon  dies  in  '  virgin '  soils,  whether  these  are 
sandy  or  peaty,  but  that  it  rapidly  multiplies  in  moist  sterilized 
samples  of  soils  from  gardens  and  other  cultivated  places,  and  retains 
it*  viability  and  vegetative  properties  for  months  and  perhaps  years. 
Moist  sterilized  soil  which  had  been  impregnated  with  the  typhoid 
bacillus  was  found  to  contain  the  bacillus  at  the  end  of  450  days.  The 
soil  was  then  naturally  dried  for  49  days,  till  it  'could  be  readily 
powdered  into  a  fine  dust; '  the  bacillus  was  still  there. 

******** 

"  The  lessons  to  be  learnt  from  these  and  other  investigations  are 
that  some  pathogenic  organisms  are  not  by  any  means  so  short  lived 
as  is  commonly  supposed,  that  they  may  spread  rapidly  under  suitable 
conditions,  and  that  they  may  exist  for  a  considerable  time  even  in 
dust  so  dry  as  to  be  blown  about  by  the  wind. " 

Physical  Characteristics. — It  is  evident  that  the  physical  qualities  of 
permanence  and  stability,  required  in  ground  to  be  used  for  founda- 
tions of  structures,  or  even  for  the  sub-surface  of  streets  and  parks, 
are  lacking  in  street  sweepings,  owing  to  the  considerable  quantity  of 
organic  matter  and  light  combustible  material  contained. 

Conclusions. — That  the  opinions  expressed  by  the  speaker  are  not 
altogether  new,  is  shown  by  a  paper  on  "City  Scavengering  at  Boston," 
read  by  Eliot  0.  Clarke,  M.  Am.  Soc.  C.  E.,  at  the  meeting  of  the 
Metropolitan  Public  Health  Association  in  Nashville,  Tenn.,  on  Novem- 
ber 18th,  1879.  The  work  of  scavengering  is  here  classified  as  consti- 
tuting four  parts: 

1. — Removal  of  offal; 
2.— Removal  of  ashes  and  house  dirt; 
3. — Cleaning  of  streets  and  street  basins; 
4. — Cleaning  of  privy  vaults  and  cesspools. 

Under  the  second  division  of  his  subject,  Mr.  Clarke  writes: 

"  A  large  part  of  Boston  being  very  low  land,  there  is  great  tempta- 
tion to  use  this  refuse  (ashes  and  house  dirt),  in  the  place  of  earth  filling, 
and  such  is  its  usual  disposition.  If  the  ashes  were  perfectly  free  from 
admixture  with  other  substances,  it  would  form  suitable  filling  for 
most  purposes,  but  it  is  not  so. " 

He  then  explains  the  attempts  to  keep  out  objectionable  rubbish, 
and,  in  the  following  statement,  summarizes  the  failure  to  accomplish 
this: 

"  On  an  average,  nearly  one-third  of  each  cart-load  of  so-called 
ashes  consists  of  other  refuse.    Portions  of  this  refuse  are  harmless 
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Mr.  Bail,  enough,  as,  for  instance,  broken  glass,  crockery,  plaster,  old  iron  and 
tinware,  bnt  other  portions  entirely  destroy  the  suitability  for  filling, 
such  as  bones,  hair,  leather,  rubber,  paper,  pieces  of  cloth  and  car- 
peting, old  baskets,  and,  in  short,  any  vegetable  or  animal  matters 
liable  to  decompose.  The  ashes  and  house  dirt  are  used  to  grade 
streets  and  parks  belonging  to  the  city,  and  private  lands,  when  de- 
sired or  permitted  by  the  owner.  In  a  few  cases  a  small  sum  is  paid 
to  the  city  for  the  filling.  It  is  evident  that  the  presence  of  the  refuse 
house  dirt  renders  ashes  undesirable  for  street  building,  as  the  matter, 
as  a  whole,  compacts  very  slowly,  and  continues  to  settle  for  years.  If 
the  surface  be  paved  or  covered  with  gravel,  there  will  probably  be  no 
smell;  but  digging  trenches  for  laying  gas  and  water  pipes,  sewers  and 
drains,  will  be  an  offensive  operation  for  a  number  of  years,  since  organic 
matters,  kept  from  a  free  supply  of  oxygen,  decompose  slowly. 
*******  » 

"It  is  probably  a  serious  mistake  to  dump  house  dirt  on  land 
which  is  to  be  built  upon.  It  is  true  that  the  organic  matter  mixed 
with  the  ashes  must  in  time  disappear;  but  how  soon,  it  is  impossible 
to  say.  Excavations  made  in  Boston  in  land  filled  from  city  carts 
ten  years  previous  have  disclosed  remnants  of  organic  matter,  and  the 
process  of  decomposition  is  still  going  on.  The  risk  in  living  over 
such  land  may  be  slight,  but,  however  slight,  it  is  a  risk  of  disease 
and  death. " 

In  considering  the  third  division  of  the  subject,  he  writes: 
"  Forty -eight  thousand  and  fifty-nine  (48  059)  cart-loads  of  dirt 
(street  sweepings)  of  40  cu.  ft.  each,  were  collected  during  the  past 
year  (1878?),  and  were  disposed  of  in  the  same  manner  as  ashes  and 
house  dirt,  by  being  used  to  fill  land  for  streets,  parks  and  dwelling 
lots.  The  street  dirt  is  of  a  rather  uniform  character,  consisting  of 
earth,  road  detritus,  fragments  of  wood,  leaves,  paper,  soot,  hair,  etc. 
Under  exceptional  conditions,  from  well-paved  streets  in  the  heart  of 
the  city,  a  load  is  sometimes  obtained  of  sufficient  manurial  value  to 
fetch  a  small  price  for  use  on  land,  but  this  is  seldom.  It  is  a  mani- 
festly unfit  substance  for  filling,  both  from  an  engineering  and  from  a 
sanitary  point  of  view;  but  what  else  to  do  with  it  is  a  problem  yet 
unsolved." 

To  the  speaker,  the  solution  appears  to  be  a  clear  one,  in  view  of  the 
statement  by  Mr.  Parsons,  that  "rubbish  collections  are  very  com- 
bustible, as  are  also  street  sweepings. "  The  conclusion  appears  to  be 
incontestable  that  street  sweepings  may  and  should  be  burned,  irre- 
spective of  the  question  whether  they  can  or  can  not  be  made  to  assist 
in  disposing  of  the  more  objectionable  garbage. 

The  Demolition  of  Infected  Dwellings. 
It  has  been  recognized  for  some  years  by  students  of  sanitary 
science  that  human  habitations  in  which  filthy  conditions  prevail  for 
a  long  time  become  so  infected  with  disease  germs  that  no  cure  can 
be  effected.  Although  the  recent  methods  of  disinfection  by  formal- 
dehyde gas  are  to  a  degree  effective,  it  seems  questionable  whether 
even  those  will  render  safe  for  habitation  a  dwelling  which  has  for  a 
long  time  been  permeated  with  disease  and  filth. 
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Danger  of  Infection. — The  report  of  the  Tenement  House  Commit-  Mr.  Ban. 
tee  of  1894  (usually  called  the  Gilder  Commission,  from  R.  W.  Gilder, 
its  Chairman),  makes  a  brief  reference  to  their  conclusions  in  this  re- 
gard, as  follows: 

"It  is  a  well-known  fact  that  human  dwellings,  by  prolonged 
occupation,  become  bo  saturated  with  the  bodily  emanations  of  those 
who  have  lived  in  them,  sick  and  well,  as  to  be  less  healthy  than  newer 
houses.  It  has  often  been  proposed  to  construct  hospitals  of  flimsy 
and  inexpensive  material,  after  the  manner  of  a  temporary  shelter, 
and  destroy  them  by  fire  every  few  years,  to  be  replaced  with  new 
ones. 

•'  This  result  of  prolonged  human  occupancy  is  made  worse  in 
this  city  by  the'  rapidity  with  which  the  character  of  the  population 
in  the  lower  parts  of  the  city  has  changed,  and  the  fact  that  houses 
built  as  private  dwellings  are  not  fitted  to  serve  as  tenements,  either 
in  respect  to  light,  ventilation,  water  supply,  privacy  or  facilities  for 
cleanliness. " 

Respecting  the  fact  of  tuberculosis  infection  in  old  houses,  there  ia 
no  higher  authority  than  Arthur  R.  Guerard,  M.  D.,  of  New  York 
City.  In  a  paper  presented  to  the  Tenement  House  Commission, 
November  16th,  1900,  treating  of  "  The  Eolation  of  Tuberculosis  to 
the  Tenement  House  Problem,"  he  says: 

"  It  has  been  repeatedly  observed  that  some  houses  in  overcrowded 
districts  after  a  time  seem  to  become  permanently  infected  with 
tuberculosis,  as  evidenced  by  a  repetition  of  cases  of  tne  disease.  *  *  * 
It  is  easy  to  understand  how  the  permanent  infection  of  premises  may 
occur  when  one  considers  that  the  sputum  of  consumptives,  which 
frequently  contains  a  countless  number  of  virulent  tubercle  bacilli,  is 
often  carelessly  expectorated  on  the  floor  and  elsewhere  in  dwellings, 
where  it  dries  and  is  converted  into  dust,  thus  getting  into  cracks  in 
the  woodwork,  in  the  papering,  etc.,  whence  it  is  later  inhaled  into 
the  lungs  by  others.  Such  tuberculous  dust  has  been  found  by  ex- 
periment to  remain  virulent  and  infectious  for  months  and  even  years 
after  it  was  deposited  in  rooms  which  were  not  thoroughly  disinfected 
and  renovated;  and  where  this  dust  is  allowed  to  accumulate  for  a 
length  of  time  it  may  be  impossible  to  disinfect  and  renovate  the 
premises  without  practically  rebuilding  them.  These  premises  then 
become  permanently  infected." 

John  F.  J.  Sykes,  M.  D.,  in  his  recent  book  on  Public  Health 
and  Housing,  thus  refers  (pages  82  and  83)  to  the  dangers  of  infec- 
tion: 

"  Miquel,  Emmerich,  Carnelly,  Haldane,  Anderson,  Johnstone 
and  other  observers  and  experimenters  have  shown  that  with  the  in- 
creasing use  and  age  of  a  dwelling-house  the  walls  and  spaces  beneath 
floors  become  liable  to  harbour  micro-organisms  to  an  increasing  de- 

free.  The  more  the  surfaces,  especially  the  floors  and  walls  of  a 
ouse,  become  worn  and  defective,  the  better  lodgment  they  present 
for  the  accumulation  of  organic  matter — the  nidus  of  micro-organisms 
— and  the  less  attention  paid  to  repair  and  redecoration,  the  more  un- 
healthy the  influence  of  the  house  becomes. 

"  All  these  experiments  and  observations  indicate  the  necessity  for 
such  construction,  maintenance,  and  usage  as  best  conduce  to  the 
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Jfr.  Ball,  cleanliness  and  purity  of  the  air  in  and  around  dwelling-houses,  in 
order  not  only  to  prevent  disease,  but  also  to  prevent  the  loss  of  that 
vitality,  vigour,  and  energy  which  cannot  easily  be  measured  by  ex- 
periments or  by  statistics." 

The  conclusions  of  these  various  investigators  as  to  the  danger  in 
the  use  of  such  dwellings,  appear  to  the  speaker  to  justify  reasonable 
precautions  in  their  demolition,  and  in  the  handling  of  the  materials, 
both  the  valuable  and  the  useless,  resulting  from  this  tearing  down. 

The  number  of  buildings  for  which  demolition  permits  were  issued 
in  1902  by  the  Bureau  of  Buildings,  Borough  of  Manhattan,  Greater 
New  York,  was  1  622.  This  number,  it  is  well  understood,  does  not 
represent  all  the  buildings  demolished,  as  a  small  proportion  is  torn 
down  without  the  formality  of  a  permit.  If  this  list  is  examined  by 
anyone  conversant  with  the  city,  he  will  note,  from  the  street  loca- 
tions, that  certain  of  these  demolished  dwellings  are  very  old  build- 
ings in  tenement  districts,  and  in  some  cases  such  as  were  not  con- 
structed originally  for  tenement  purposes.  A  search  of  the  records 
of  these  buildings  will  show  that  they  are  infected  with  disease,  and 
have  been  for  a  long  period  in  unclean  condition. 

Present  Method  of  Demolition. — The  present  method  of  demolition 
results  in  the  removal,  for  fuel  purposes,  by  the  poor  of  the  neighbor- 
hood, of  the  smaller  portions  of  the  wooden  floors,  casings,  roof,  etc., 
which  are  then  stored  in  the  adjoining  cellars.  It  results  from  this 
that  a  building  infected  with  disease  germs,  tilth  and  vermin,  may 
readily  disperse  these  dangerous  elements  in  the  vicinity. 

The  only  supervision  of  a  sanitary  nature  over  the  practice  of 
demolition  in  New  York  City  at  the  present  time  is  the  requirement  by 
the  Department  of  Health  that  frequent  sprinkling  with  water  should 
be  given  to  the  walls  as  they  are  torn  down,  in  order  to  avoid  objection- 
able dust. 

Desirable  Precautions. — It  would  seem  to  the  speaker  desirable  to 
examine  all  buildings,  about  to  be  demolished,  as  to  their  sanitary  con- 
dition, and,  if  this  is  found  to  be  at  all  doubtful,  to  observe  the  follow- 
ing precautions  in  their  destruction:  First,  that  the  building  should 
be  kept  constantly  wet  with  a  disinfecting  solution  as  the  work  of 
tearing  down  proceeds.  From  what  has  been  stated  already,  it  is  evi- 
dent that  the  old  paper  on  walls  and  ceilings,  the  plaster  of  walla,  and 
the  woodwork  of  the  floors,  doors  and  trim  of  the  rooms  and  halls  are 
the  elements  of  danger.  These  should  be  sprayed  thoroughly  at  the 
commencement  of  the  work,  and  kept  wet.  The  Building  Code  of  the 
City  of  New  York  requires  the  demolition  of  buildings  to  be  carried 
on  story  by  story,  and  the  systematic  execution  of  the  work  as  indicated 
herein  would  be  facilitated  by  the  adoption  of  this  rule  in  all  cases. 

Second,  that  no  combustible  material  should  be  distributed  in  the 
neighborhood,  but  that  it  should  all  be  removed,  and  that  which  is 
valuable  for  fuel  only  thus  used  under  conditions  which  would  pre- 
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vent  the  danger  of  contagion.     The  old  paper,  lath,  floors,  doors  and  Mr.  BalL 
trim  of  the  rooms  should  be  burned  at  some  locality  remote  from  any 
residence,  and,  by  the  use  of  simple  gratings,  will  furnish  fuel  for 
the  incineration  of  much  of  the  light  refuse. 

Third,  that  any  portions  of  the  structure  which  are  suitable  for 
use  in  new  buildings  should  not  be  thus  used  without  having  been 
subjected  to  suitable  disinfecting  processes. 

Fourth,  that,  during  the  process  of  further  excavation  of  the  site, 
the  soil  removed  should  be  examined  as  to  polluting  matters,  and,  if 
found  to  contain  such,  it  should  be  treated  with  disinfectants.  The 
actual  demolition  of  old  tenements  in  New  York  City,  with  the  excava- 
tions for  cellars  of  new  buildings,  shows  that,  where  school  sinks  and 
earthenware  house  drains  have  existed,  there  is  an  extended  satura- 
tion of  the  soil.  The  removal  and  proper  treatment  of  this  saturated 
soil  is  a  matter  of  great  importance. 

Fifth,  that  all  non-combustible  waste  refuse  should  be  kept  under 
supervision,  as  to  the  method  of  disposal.  Where  it  is  impracticable 
to  treat  any  waste  material  by  some  process  of  sterilization,  the  dis- 
posal should  be  at  some  locality  not  likely  to  be  used,  even  in  the 
remote  future,  for  residence  or  business  purposes. 

Chas.  H.  Haswblii,  M.  Am.  Soc.  C.  E.  (by  letter). — The  introduction  Mr.  HasweU, 
of  water  into  towns  and  cities  for  domestic  and  public  services,  other 
than  that  obtained  from  public  and  private  wells,  involves  the  laying 
of  pipes  for  its  reception  and  transmission,  and  of  sewers  for  its  dis- 
charge in  combination  with  the  excrementitious  matter  of  their  resi- 
dents and  animals,  the  filth  of  hospitals,  households,  slaughter-houses, 
stables,  manufactories,  tanneries,  street  washings,  etc.  The  resultant 
of  this  flow  is  the  pollution  of  the  earth  or  water  over  or  into  which 
it  is  discharged. 

The  disposal  of  crude  sewage  and  its  treatment,  the  mitigating  of 
its  septic  elements,  its  sanitary,  useful  and  effective  disposal,  com- 
bined with  the  resulting  pollution  of  the  rivers  into  which  it  is  dis- 
charged, and  the  insanitary  effects  thereof,  is  becoming  a  subject  so 
important,  as  relates  to  the  existence  and  duration  of  human  and  ani- 
mal life,  that  it  imperatively  demands  immediate  consideration  and 
action.  It  is  of  more  national  importance  than  the  aggregation  of  all 
the  financial  and  political  questions  of  the  time;  yet,  with  the  excep- 
tion of  the  consideration  and  report  of  the  St.  Louis  Commission  on 
the  Chicago  Drainage  Canal,  and  possibly  some  other  isolated  cases, 
it  is  criminally  neglected. 

Primary  Disposid. — In  internal  villages  or  small  towns  it  is  custom- 
ary and  quite  practical  to  mix  the  excreta  with  earth,  bear  it  beyond 
the  residences  of  inhabitants,  and  use  it  for  fertilization,  or  deposit 
it  in  masses  and  cover  it  witn  earth.  In  the  more  populous  towns  of 
Europe,  trenches  are  excavated  and  filled,  the  ground  selected  being  ^ 
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Mr.  Haswell.  suitable  for  infiltration  of  the  fluids  of  the  sewage  reservoirs  and  cess- 
pools, and  being  located  at  a  proper  distance  from  residences.  When 
filled,  these  trenches  are  covered  with  earth,  the  surface  of  their  con- 
tents, meanwhile,  being  exposed  to  evaporation,  and  their  whole 
contents  to  infiltration  (their  masonry  being  open- jointed);  but  when 
the  earth  in  which  they  are  placed  is  clay,  wet  or  saturated,  or  is  con- 
tiguous to  a  stream  of  potable  water,  they  are  constructed  with  close 
joints,  and,  periodically,  their  contents  are  pumped  out  and  dis- 
tributed for  fertilization. 

Treatment. — In  order  to  mitigate  the  noxious  exhalations  of  crude 
sewage,  it  is,  in  some  instances,  delivered  into  tanks,  reservoirs  or 
coke-beds,  for  aeration,  subsidence,  filtration  and  oxidation. 

Gliemical  Purification  and  Precipitation. — Chemical  purification  is 
effected  by  a  strong  mixture  of  lime,  salts,  sulphur,  oxidizing  com- 
pounds, etc.,  with  the  crude  sewage.  Iron  and  aluminum  salts,  if 
followed  by  lime,  give  a  purified  effluent.*  Precipitation  is  effected 
by  the  use  of  lime  in  solution,  and  by  sulphate  of  alumina.  In  popu- 
lous towns  and  cities,  any  like  treatment  of  their  sewage,  in  conse- 
quence of  its  volume,  is  wholly  impracticable. 

Surface  Precipitation. — This  involves  the  occupation  of  a  large  area 
of  land,  it  being  officially  estimated  at  one  acre  for  every  hundred  of 
human  inhabitants. 

In  the  course  of  purification,  oxidation  is  an  essential  portion  of  the 
changes  through  which  sewage  has  to  pass.  Sedimentation  or  sub- 
sidence of  the  solid  and  dense  material  of  sewage  is  claimed  to  arrest 
pollution;  if  so,  the  effect  is  retroactive,  as  it  would  result  in  the 
gradual  filling  up  of  the  bed  of  the  river,  by  the  formation  of  foul 
and  noxious  shoals.  The  natural  purification  of  water,  to  the  very 
slight  extent  to  which  it  is  attainable,  is  effected  by  the  combination 
of  ammonia,  arising  from  the  mixture  of  decomposed  animal  matter, 
with  the  oxygen  of  the  atmosphere. 

Filtration. — In  order  to  arrest  bacteria  and  organic  matter  by  this 
process,  sewage  is  delivered  iDto  reservoirs  and  subjected  to  the  ab- 
sorbent capacity  of  coke  and  sand;  which  operation  involves  the  fre- 
quent cleaning  or  replacing  of  these  materials,  as  their  absorbent 
capacity  will  soon  become  inoperative  on  account  of  the  arrest  of  the 
dense  particles  of  the  sewage. 

Infiltration. — Infiltration  is  classed  by  Bideal  under  three  divisions 
as  Broad,  Intermittent,  and  Mixed. 

Broad.— In  broad  infiltration,  the  sewage  is  distributed  over  large 
surfaces  of  agricultural  land,  or  sewage  farms,  as  they  are  termed,  on 
which  it  is  purified.  This  method  involves  the  occupation  of  very 
large  areas  of  land,  officially  estimated,  like  that  of  precipitation,  at 
one  acre  per  hundred  of  population. 

*  Samuel  Rideal,  D.  8c.,  Loudon.    John  Wiley  &  Sons,  N.  Y. 
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.    Intermittent. — This  is  effected  by  the  deposit  of  sewage  at  Bhort  Mr.  HaswelL 
intervals  of  time,  on  an  area  of  porous  earth  as  restricted  as  will 
absorb  it,  but  making  the  products  of  vegetation  of  secondary  im- 
portance. 

Mixed. — la  the  mixed  system,  the  sewage  is  first  purified  by 
sedimentation  or  by  chemical  means.  The  efficiency  of  this  operation 
depends  wholly  upon  the  character  of  the  soil,  as  to  its  porosity  and 
freedom  from  water,  saturation,  clay,  peat,  or  conglomerated  gravel. 
The  Local  Government  Board  of  England  prescribes  for  stiff  clay 
one  acre  for  every  twenty-five  human  inhabitants,  and  for  loamy  gravel 
one  acre  for  every  one  hundred. 

Cremation. — Cremation  is  effected  by  the  evaporation  and  the  com- 
bustion of  the  crude  sewage  at  a  very  high  temperature,  a  forced 
draught  in  the  furnace,  and  a  very  high  chimney  to  dispel  the  noxious 
effluvia  of  the  combustion.  In  the  operation  of  some  furnaces  in  Eng- 
land, it  was  essayed  to  prove  that  sludge  (precipitated  and  dense  sew- 
age), both  remuneratively  and  without  offence,  could  be  incinerated, 
and  that  the  coke  produced  paid  for  the  operation.  It  was  found, 
however,  that  the  agricultural  value  of  the  residuum  was  so  much 
impaired  that  it  could  not  be  disposed  of  profitably  for  that  purpose. 
The  evaporation  of  the  liquid,  and  the  combustion  of  the  sludge 
requires  the  consumption  of  some  fuel.  When  the  sludge  is  submitted 
to  a  filtering  pressure,  an  average  of  7.74  tons  (2  240  lbs.)  per  million 
United  States  gallons  of  crude  sewage  is  obtained.  At  Southampton, 
England,  it  was  essayed  to  burn  sludge  remuneratively,  and  without 
noxious  results.  The  combustion  of  coal  was  first  used  to  try  it,  the 
ammonia  evolved  was  collected  and  the  volatile  matter  was  passed 
through  the  fire.  It  was  claimed  that  the  value  of  the  coke  produced 
paid  for  the  cost  and  expenses,  and  that  the  net  cost  of  the  combustion 
and  incineration  was  inconsiderable.  In  support  of  this  operation,  it 
is  to  be  considered  that  even  where  sewage  is  discharged  into  bays 
upon  the  sea  coast  and  below  the  confluence  of  the  tidal  and  river  flows, 
the  velocity  of  the  ebb  tide  is  not  wholly  effective  in  transporting  it  to 
the  ocean,  as  it  will  subside  in  slack  water,  and  in  the  basins  (locally 
and  erroneously  termed  slips)  formed  by  the  projection  of  piers, 
thus  creating  noxious  exhalations,  and  causing  frequent  dredging  and 
the  transportation  of  their  contents  to  the  ocean. 

Fluid  Discharge  and  River  Pollution. — Where  towns  and  cities  are 
located  on  a  long  river,  and  above  the  extreme  line  of  confluence  and 
commixture  of  its  water  with  the  tidal  water  of  the  ocean,  as  some  on 
the  Hudson,  Delaware  and  Connecticut  in  the  East,  and  on  the  Ohio, 
Illinois,  Mississippi  and  Missouri  in  the  West,  the  pollution  of  the  water 
by  the  discharge  of  crude  sewage  into  it  is  increased  progressively  by 
the  discharge  from  other  and  adjoining  towns,  but  somewhat  miti- 
gated by  the  gradual  addition  of  water  from  tributary  streams  (which, 
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Mr.  Haswell.  however,  will  eventually  become  polluted  in  like  manner),  down  to  the 
point  of  its  confluence  with  the  water  of  the  ocean. 

Effect  of  Pollution. — It  is  generally,  if  not  universally,  claimed  that 
foul  or  polluted  water  purifies  itself,  and,  in  support  of  this  claim, 
tests  and  observations  have  been  made.  Thus,  the  Massachusetts 
Board  of  Health  deduced  that  if  the  crude  sewage  was  less  than  0.0077 
Mv)  °f  the  water  of  a  river  into  which  it  was  discharged  it  would 
not  affect  the  water  objectionably.  In  other  words,  it  is  advanced  that 
if  one  measure  of  crude  sewage  is  mixed  with  129  measures  of  river  water 
in  its  normal  condition  it  would  yet  be  potable,  notwithstanding  that 
its  septic  or  putrefying  quality  would  not  be  negatived  or  eliminated. 
Further,  an  investigator  in  Europe  has  declared  that  if  the  crude  sew- 
age does  not  exceed  0  066  (-n,)  or  6.7%  of  the  river  water,  when  it  flows 
with  velocity  equal  to  that  of  the  sewage,  it  would  not  affect  the  pota- 
ble quality  of  the  water;  notwithstanding  that,  in  addition  thereto,  all 
streams  and  rivers  are  polluted  more  or  less  by  the  rain  washings 
from  farmyards,  roads,  decayed  vegetable  matter  and  the  putrefaction 
of  dead  animals. 

As  to  the  distance  in  which  crude  sewage  discharged  into  a  flowing 
river  will  become  innocuous  by  the  alleged  self -purification  of  the  water, 
authorities  differ,  as  one  puts  it  at  25  miles  and  another  at  200.  The 
desirability  of  assigning  any  general  distance,  assuming  it  practicable 
to  do  so,  is  negatived  by  the  point  of  location  at  which  any  putrescent 
matter  was  present.  Thus,  a  putrefying  carcass  of  an  animal,  by  its 
gravity  (for  instance,  that  of  a  dog  with  a  weight  attached  to  it),  may 
remain  at  the  bottom  of  a  river.  Over  this  the  water  would  flow,  and 
receive  putrescent  matter  from  it  for  a  long  time. 

While  it  is  conceded  that  pure  water  is  only  chemically  obtained, 
in  a  laboratory,  natural  water  is  acceptable  for  domestic  requirements, 
provided  it  is  free  from  noxious  matter,  and  is  not  offensive  to  taste  or 
injurious  to  health  and  commercial  requirements. 

Notwithstanding  the  popular  declaration  that  even  crude  sewage, 
discharged  in  flowing  water,  will,  when  mixed  with  it,  in  various  as- 
sumed and  empirical  proportions  and  assigned  distances  of  flow, 
become  potable,  aknowledgeof  the  various  impurities  of  Buch  polluted 
water  is  not  pleasing  to  reflection.  The  riparian  inhabitants  of  the 
river  into  which  the  sewage  of  a  populous  city  flows  are  passively 
subjected  to  the  drinking  of  its  water  of  pollution,  yet,  at  the  same 
time,  they  will  consider  the  presence  of  any,  even  slight,  impurity  in 
their  other  fluids  or  foods,  as  milk,  mineral  waters,  flour,  meats,  fruits, 
etc.,  as  objectionable  and  not  to  be  submitted  to  passively.  As  to  the 
"  self -purification  "  of  water,  it  is  difficult  to  manifest  how  the  many 
and  various  chemical,  vegetable  and  animal  pollutions  can  be  elimin- 
ated from  polluted  water  by  any  process,  physical  or  chemical,  and 
unless  they  are  eliminated,  the  assertion  that  water  will  purify  itself 
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is  a  common  and  grievous  error,  and,  despite  the  claims  of  chemists  Mr.  Haswell. 
and  scientists  of  all  grades,  they  are  challenged  to  manifest  in  what 
manner,  chemical  or  self-acting,  water  infused  with  ezcrementitious 
matter,  the  discharge  of  tanneries  and  slaughter-houses,  paint,  ink  and 
glne  factories,  hospitals  of  all  kinds,  dead  bodies  of  men,  animals  and 
fish,  can  be  made  acceptably  palatable.  A  whole  is  an  aggregation  of 
its  parts,  and  if  a  volume  of  foreign  or  offensive  matter,  however  small, 
is  introduced  into  pure  water,  its  purity  is  negatived. 

Insanitary  Effects. — Living  animals  cannot  retain  health  while  the 
discharged  products  of  their  vital  action  are  permitted  to  be  retained 
about  them,  and  when  they  are  confined  in  that  condition  death  grad- 
ually ensues.  The  result  of  a  sanitary  disposal  of  fluids  is  illustrated 
in  the  improvement  of  the  health  of  towns  by  the  reduction  of  their 
death  rate.  An  instance  is  the  City  of  Leeds,  England,  where,  in 
twenty  years,  the  death  rate  was  reduced  from  28  to  18  per  thousand 
of  its  inhabitants. 

In  towns  and  cities  where  infiltration  is  wholly  depended  upon  * 

for  the  disposal  of  sewage,  the  soil  becomes  contaminated  with  feecal 
matter,  which,  undergoing  but  little  oxidation  and  in  combination 
with  the  periodical  cleaning  out  of  the  cess-pools  or  reservoirs, 
renders  the  exhalations  therefrom  both  noxiously  offensive  and  insani- 
tary/ In  the  country  and  in  some  small  towns  it  is  customary  to  avail 
of  streams  over  which  to  set  privies,  and  when  the  streams  are  sluggish 
the  fiscal  matter  will  subside  in  its  flow  and  pollute  the  earth  to  an 
extent  affecting  its  sanitary  condition. 

Reviewing,  then,  the  elements  submitted,  it  is  presented: 

1st. — That  for  internal  villages  and  small  towns,  sewage  can  be 
readily  disposed  of  by  infiltration  in  and  the  fertilization  of  the 
adjoining  soil. 

2d. — That  for  similarly  situated  and  larger  towns  and  small  cities, 
while  the  sewage  can  be  infiltrated  to  a  serviceable  extent  and  the 
solid  portion  used  for  fertilization,  yet  the  area  of  soil  required  for 
effectual  operation  is  so  great  as  to  render  this  method  generally,  if 
not  wholly,  impracticable. 

3d. — That  from  all  locations,  from  villages  to  populous  cities,  on 
tidal  rivers  or  sea  coasts,  up  to  the  clearly  defined  limits  of  the  tidal 
flow  or  confluence  with  the  fresh-water  flow,  their  sewage  may  be 
discharged  directly  in  its  crude  condition,  as  instanced  in  the  sea- 
bound  cities  of  Boston,  New  York,  etc.,  Burlington  on  the  Delaware, 
etc. 

4th. — That  if  the  discharge  of  sewage,  crude  or  treated,  into  our 
rivers  is  continued,  it  will  wholly  arrest  them  from  being  resorted  to 
for  the  supply  of  potable  water,  and  supplies  must  be  obtained  from 
the  ponds  and  lakes  with  which  our  country  abounds.  Animal  life 
cannot  exist  in  polluted  water,  and  the  cost  of  arresting  its  pollution, 
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Mr.  HaaweU.  in  view  of  its  result,  is  not  to  be  considered.    As  the  health  of  our 
people  is  of  primary  importance,  the  emergency  must  be  faced. 

5th. — That  to  draw  upon  the  waters  of  Lake  Michigan  and  its 
northern  tributaries  for  the  service  of  the  Chicago  Drainage  Canal  and 
the  mitigation  of  its  pollution  of  the.  rivers  into  which  it  is  discharged, 
and  by  assigning  a  given  volume  of  it,  pro  rata  with  the  number  of  popu- 
lation of  the  City  of  Chicago,  would  result  in  the  lowering  of  the  surface 
levels,  and  all  adjoining  waters  down  to  the  Gulf  of  St.  Lawrence,  and 
be  prejudicial  to  both  the  manufacturing  and  commercial  districts  of 
all  the  intervening  towns,  as  a  consequence  of  which  it  would  not  be 
permitted,  either  by  the  Government  of  the  United  States  or  that  of 
Canada.  Hence  the  proposal  is  utterly  impracticable  of  adoption,  as 
its  effects  would  soon  become  so  insupportable  to  the  people  of  both 
countries  that  they  would  arise  in  opposition,  and  Congress  would  be 
appealed  to  for  relief,  and  damages  be  claimed. 

6th. — As  the  sewage  of  populous  towns  and  cities  cannot  be  dis- 
posed of  effectually,  or  with  sanitary  requirements,  either  by  evapora- 
tion, precipitation,  filtration,  or  its  discharge  into  rivers  above  the 
line  of  commixture  of  tidal  and  fresh  waters,  or  into  lakes,  or  by 
mixture  with  great  proportional  volumes  of  water  from  our  lakes,  with 
immunity  from  the  pollution  of  the  potable  waters  thereof,  there  are 
but  two  methods  left,  viz.,  one  for  populous  inland  towns  and  cities, 
the  sewage  of  which  must  be  chemically  discharged  of  its  noxious 
exhalations  and  disposed  of  for  fertilization,  if  practicable  to  do  so; 
and  the  other  by  cremation,  in  which  there  is  no  danger  of  the  pollu- 
tion of  water  supplies,  or  insanitary  effects.  To  operate  it,  involves 
the  construction  and  maintenance  of  a  furnace  plant,  and  that  the 
sewage,  as  received,  must  be  as  free  from  surface  fluids  as  practicable, 
and  that  where  sewers  for  the  reception  and  conveyance  of  both  sew- 
age and  surface  water  exist,  as  in  large  cities,  independent  drains  be 
laid  for  the  surface  water. 

7th. — That,  great  as  this  combined  cost  of  reconstruction  and  con- 
struction would  be,  it  is  so  inconsiderable,  compared  with  the  bene- 
ficial results  to  be  attained  by  it,  that  the  expenditure  is  not  to  be 
entertained  as  a  bar  to  the  method,  for  the  result  of  the  discharge  of 
the  water  of  our  rivers  above  the  line  of  commixture  given  will  soon 
have  to  be  faced  squarely,  as  the  destruction  of  the  potability  of  the 
water  of  all  rivers  bordered  by  populous  towns  or  cities  will  become 
eventually  so  extensive  that  it  will  interfere  with  the  requirements  of 
the  people  and  of  their  horses  and  cattle.  It  will  also  cause  the 
destruction  of  the  fish,  and  how  it  is  that  the  citizens  of  Chicago  enter- 
tain the  opinion  that  the  operation  of  their  drainage  canal  will  be  sub- 
mitted to,  and  that  the  riparian  residents  of  the  rivers  into  which  its 
sewage  is  discharged  will  submit  to  it  passively,  is  wholly  inexplicable 
to  the  writer. 
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8th. — That  the  discharge  of  sewage,  crude  or  treated  in  any  anti-  Mr.  HaeweiL 
septic  manner,  in  a  fresh-water  river,  is  offensive,  noxions  and  not  to 
be  entertained  with  any  regard  whatever  to  the  sanitary  requirements 
of  its  riparian  residents;  that  it  will  not  be  submitted  to;  and  any 
or  all  towns  or  cities  contributing  to  the  pollution  of  such  water  will 
not  only  not  be  permitted  to  continue  in  such  practice,  but  will 
inexorably  be  required  to  dispose  of  their  sewage  in  some  other  and 
proper  manner. 

9th. — That  existing  wells,  for  households,  in  densely  populated 
towns  and  cities  should  be  filled  up  and  abandoned  forthwith,  and  the 
vaults  of  all  privies  and  tanning  vats  made  water-tight,  to  arrest  in- 
filtration of  any  part  of  their  contents  to  contiguous  and  subterranean 
watercourses,  and  to  guard  against  the  result  of  the  ignorance  and  in- 
difference of  some  people  who  disregard  all  sanitary  requirements  and 
permit  the  proximity  of  privies  to  their  wells. 

Finally,  when  this  subject  of  the  disposal  of  sewage  is  entertained 
in  a  proper  manner,  and  such  disposal  is  operated  under  sanitary 
requirements,  the  wonder  will  be  how  and  why  it  was  that  any  of  the 
now  existing  methods,  including  the  very  restricted  operation  of 
cremation,  for  populous  inland  towns  and  cities,  were  tolerated. 

Writer  unknown*. — The  sole  reason  why  cremation  of  garbage  has  Writer 
been  a  success  in  England  is  that  it  is  burned  in  ovens  and  not  near  untal0W11- 
boilers;  that  is  to  say,  the  cells  in  which  it  is  destroyed  are  wholly  of 
firebrick,  and  only  when  combustion  is  complete  are  the  products 
brought  into  contact  with  the  comparatively  cold  plates  of  a  steam 
boiler.  There  is  really  no  very  serious  difficulty  in  completely  de- 
stroying refnse  at  a  high  temperature,  as  a  simple  calculation  will 
show.  Anyone  who  has  a  garden  knows  that  ordinary  garden  rubbish, 
leaves,  etc. ,  will  destroy  itself  if  heaped  up  high  above  a  small  quantity 
of  dry  stuff.  The  initially  dry  stuff  dries  out  the  wet  stuff  which  lies 
upon  it,  and  this  then  burns  and  the  whole  heap  is  dried  off  and 
burned. 

In  England  all  refuse  is  collected  together,  i.  e.f  not  separately,  and 
includes  ordinary  house  refuse,  such  as  cinders  and  vegetable  refuse. 
It  is  considered  that  this  material  contains  30%  of  water,  30%  of  com- 
bustible matter  and  40%  of  inert  matter,  such  as  gravel,  broken  crock- 
ery and  clinkers  or  ashes. 

As  carbon  contains  14647  B.  T.  U.  per  pound,  1  lb.  of  average 
refuse  will  contain  4  400  B.  T.  U.  At  1  500°  Fahr. ,  the  water  will  carry 
off  less  than  550  B.  T.  U.,  including  latent  heat  and  superheat.  There 
will  remain  3  950  B.  T.  XL,  to  deal  with.  Allowing  18  lbs.  of  air  per 
pound  of  fuel,  there  will  be  54  lbs.  of  air,  0.3  lb.  of  fuel  and  0.4  lb.  of 
mineral  matter  to  be  heated  up  to  a  temperature  of,  say,  1  500°,  or  a 

•The  manuscript  of  this  discussion  was  received  by  the  Secretary,  from  London, 
but  no  name  was  attached  to  it  in  any  way.  It  is  published  here  in  the  hope  that  the 
writer  will  furnish  his  name,  so  that  it  may  be  printed  in  Transactions. 
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Writer  total  of  6.1  lbs.  to  share  in  3  850  B.  T.  U.,  or  631  units  per  pound, 
un  own.  ^e  mean  specific  heat  of  all  furnace  products  and  clinker,  etc.,  is 
less  than  0.25.  Calling  it  0.25,  the  resultant  temperature  would  be 
2  524°  Fahr.,  or  631  x  4,  which  is  sufficiently  above  1  500°  to  allow  for 
further  excess  of  air.  Moreover,  as  the  air  forms  by  far  the  larger 
weight  of  stuff  passing  through  the  furnace,  it  becomes  a  simple 
matter  to  add  considerably  to  the  temperature  by  heating  the  air  in 
the  flues  beyond  the  destructor. 

The  reduction  of  temperature,  due  to  the  increase  of  specific  heat 
of  gases  at  high  temperatures,  need  not  be  discussed.  It  will  not  pull 
down  the  temperature  below  1  500  degrees. 

The  combustible  elements  in  any  refuse  can  be  ascertained  easily 
by  having  a  bulk  sample  weighed  and  burned  off  in  a  gas  retort,  after 
being  first  dried,  and  again  weighed,  the  second  difference  being  com* 
bustible.  If  a  refuse  is  so  poor  that  it  has  not  sufficient  fuel  in  it  to 
burn  thoroughly,  it  ought  to  be  mixed  with  the  cheapest  grade  of  coal 
obtainable  and  all  burned  together  in  a  refractory  cell.  The  placing 
of  a  boiler  as  one  boundary  of  a  destructor  oell  is  the  worst  possible 
practice.  Even  good  bituminous  coal  cannot  be  destroyed  by  such  a 
device  without  smell  and  fumes. 

The  sloping  grate,  of  course,  is  a  great  aid  to  the  work,  for  the 
labor  then  consists  only  in  helping  forward  the  clinkered  purified 
residue.  The  heat  carried  off  by  the  water  is  partly  recovered  when 
the  gases  are  passed  finally  through  a  boiler;  but  no  sanitary  engineer 
now  attempts  to  use  the  heat  from  a  destructor  until  destruction  ia 
complete  and  nothing  but  glowing  gas  remains.  A  simple  calculation 
for  any  ordinary  sample  of  refuse  will  show  that  it  has  power  to  heat 
up  everything  it  contains  to  a  clear  red  heat  or  higher. 
Mr.  Hering.  Rmx>iiPH  Hering,  M.  Am.  Soc.  0.  E.  (by  letter.) — The  discussion 
has  revealed  a  fair  unanimity  of  opinion  regarding  the  fact  that  the 
garbage  question  has  now  reached  a  point  when  its  proper  solution 
requires  the  aid  of  the  engineering  profession,  instead  of  being  left  for 
solution  almost  wholly  to  committees  of  city  councils  or  of  boards  of 
health.  It  is  also  apparently  agreed  that  different  conditions  demand 
different  methods  of  disposal,  and  that  each  municipality  should  select 
the  method  which,  after  a  careful  study  of  the  specific  local  conditions 
and  a  careful  investigation  of  the  cost  of  securing  unobjectionable 
results,  proves  to  be  most  economical. 

It  is  further  agreed  that  the  problem  must  include  a  consideration 
of  the  methods  and  cost  of  handling  all  of  the  several  kinds  of  refuse 
between  the  points  of  origin  on  the  streets  and  the  points  of  final 
disposal. 

When  opening  the  subject,  its  largeness  precluded  entering  into 
details,  but  a  number  of  these  have  been  elaborated  subsequently,  and 
have  added  valuable  information. 
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In  reply  to  Mr.  Baldwin  the  writer  may  state  that  there  are  at  Mr.  Hering. 
least  three  garbage  furnaces  in  America,  where,  it  is  said,  all  the  refuse 
is  burned  without  the  regular  addition  of  coal,  excepting  to  start  the 
fires  on  Monday  mornings,  or  whenever  they  have  been  interrupted. 
One  is  in  Montreal;  where  the  garbage  is  mixed  with  dry  refuse  and 
with  domestic  ashes,  which,  however,  are  screened  at  some  seasons  if 
not  always.  Another  is  at  San  Francisco,  where  there  is  a  similar 
furnace  and  where  the  garbage  is  likewise  mixed  with  dry  rubbish 
and  ashes.  The  third  is  at  Atlanta,  Ga. ,  where  the  garbage  and  dry 
rubbish  alone  are  burned,  and  no  domestic  ashes  with  the  residuum 
of  unburned  coal,  are  added. 

The  writer  was  glad  to  hear  from  Mr.  Parsons  that  his  investigation 
had  convinced  him  that  the  garbage  and  refuse  in  New  York  City,  when 
mixed,  would  be  self -combustible.  Steam  ashes,  being  the  result  of 
intelligent  and  economical  firing,  have  no  fuel  value  left,  and  always 
should  be  removed  separately  and  utilized  for  filling,  road-making,  or 
as  the  body -material  of  mortar.  But  domestic  ashes,  containing  2,0% 
of  unburned  coal,  have  a  fuel  value  beyond  the  cost  of  screening  out 
the  fine  ashes,  which  value  may  be  sufficiently  great  to  utilize.  Whether 
or  not  such  utilization  is  economical,  depends  on  the  extra  length  of 
haul  to  the  crematory,  and  on  the  cost  of  screening. 

It  would  be  very  interesting  and  useful  if  the  precise  facts  leading 
up  to  Mr.  Parsons'  conclusion  could  be  made  public.  Generally,  he 
intimates,  the  scientific  treatment  of  garbage  is  fairly  understood  and 
could  be  put  into  practice,  provided  the  means  were  available.  But 
this  understanding  is  not  the  only  requisite  for  a  solution  of  the 
present  difficulties.  It  is  also  necessary  that  the  public  should  appre- 
ciate it  fully  and  have  confidence  in  the  recommendations,  because  the 
public  must  furnish  the  means  to  carry  them  out.  To  this  end,  an 
actual  demonstration  on  a  practical  scale  seems  to  be  the  sine quanvn, 
showing  that  the  treatment  which  engineers,  after  studying  the  special 
problem,  believe  to  be  the  proper  one,  will  be  both  successful  and 
economical.     Such  a  demonstration  is  yet  lacking  in  our  own  country. 

Most  of  the  present  disposal  works  were  proposed  by  promoters, 
who  succeeded  in  obtaining  contracts  to  erect  plants,  and  whose 
interest  lies  chiefly  in  immediate  profit  to  themselves.  An  impartial 
and  thorough  investigation,  in  order  to  ascertain  the  best  methods  and 
results  for  ultimate  instead  of  for  immediate  profit  has  not  yet  been 
undertaken  by  any  city  in  this  country.  Dr.  So  per  states  that  the 
present  moment  iB  propitious  for  such  an  investigation  to  be  made  as 
regards  New  York  conditions,  where  the  existing  methods  are  yet 
crude  and  quite  expensive,  even  though  4Q%  of  the  work  of  collecting 
and  disposing  of  the  garbage  is  done  by  private  parties,  over  which 
the  city  has  but  little  control. 

The  writer  suggests  that  in  his  opinion  a  further  profitable  inves- 
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Mr.  Herlng.  tigation  would  be  a  full  and  detailed  report  on  the  entire  subject, 
containing  itemized  expenses,  and  setting  forth  clearly  the  methods 
of  operation  and  the  results  obtained  in  those  cities  of  Europe  where 
this  subject  has  been  settled  satisfactorily,  and,  for  comparison,  an 
equally  detailed  report  on  the  existing  conditions  in  several  of  our 
own  cities.  Such  a  comparative  report,  the  writer  believes,  would  be 
of  great  value  in  pointing  out  specifically  and  most  forcibly  the 
courses  to  be  pursued  in  solving  this  problem  at  home.  In  fact,  unless 
we  either  present  the  public  with  actual  information  of  this  kind  or 
make  an  actual  impartial  demonstration  in  one  of  our  large  cities,  it 
would  seem  that  the  proper  solution  of  the  garbage  question  in  this 
country  will  be  still  further  postponed. 

Mr.  Ball  makes  an  appeal  for  the  disposal  of  street  sweepings  by 
burning  instead  of  by  filling  in  land,  and  offers  many  statements  to  sup- 
port it.  Such  a  disposition  is  made  in  several  cities  of  Europe.  In  view 
of  the  fact  that  this  material  forms  a  rich  field  for  disease  germs,  its 
incineration  is  certainly  to  be  preferred  when  practicable.  There  are, 
however,  many  cases,  particularly  in  our  country,  where  the  quota  of 
combustible  matter  is  reduced  so  greatly  by  admixture  with  mineral 
matter  from  badly  paved  or  unpaved  streets,  that  burning  becomes  ex- 
pensive. In  such  cases  filling  in  land  is  not  only  cheaper,  but  may  be 
without  sanitary  danger.  Mr.  Ball  further  discusses  the  demolition  of 
infected  buildings,  and  gives  the  precautions  which  should  be  taken  in 
their  demolition.  This  subject  had  not  before  been  touched  upon,  and 
is  of  sufficient  importance  to  have  been  made  a  part  of  the  subject 
under  discussion.  The  writer  believes  Mr.  Ball's  precautions  to  be  wise 
and  practicable. 

Commissioner  Woodbury,  by  his  remarks,  leaves  a  doubt  resting 
on  the  financial  preference  of  the  incineration  over  the  reduction  pro- 
cess, yet  produces  no  facts  to  substantiate  it.  Mr.  Parsons,  on  the 
other  hand,  unhesitatingly  states  his  belief  that  incineration  of 
the  garbage  of  New  York  City  is  cheaper  than  its  reduction,  but,  like- 
wise, without  substantiation.  These,  and  other  statements,  confirm, 
the  opinion  expressed  by  the  writer,  that  experiments  on  a  large  scale, 
combined  with  an  exhaustive  inquiry  into  the  subject,  are  required  to 
demonstrate  the  best  as  well  as  the  most  economical  disposal. 
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April  i st,  1903. — The  meeting  was  called  to  order  at  8.40  p.  m., 
President  Noble  in  the  chair;  Chas.  Warren  Hunt,  Secretary,  and 
present,  also,  119  members  and  25  guests. 

The  minutes  of  the  meetings  of  March  4th  and  18th,  1903,  were 
approved  as  printed  in  Proceedings  for  March,  1903. 

A  paper  entitled  "  The  Filtration  Works  of  the  East  Jersey  Water 
Company,  at  Little  Falls,  New  Jersey,"  by  George  W.  FulJer,  Assoc. 
M.  Am.  Soc.  C.  E.,  was  presented  by  the  author  and  illustrated  with 
lantern  slides.  The  paper  was  discussed  by  Messrs.  Allen  Hazen, 
J.  P.  A.  Maignen,  Rudolph  Hering,  C.  L.  Harrison,  J.  Waldo  Smith, 
R.  S.  Weston,  George  C.  Whipple,  William  B.  Fuller,  L.  L.  Tribus 
and  the  author. 

A  paper  entitled  "Automatic  Modules  for  Regulating  the  Speed 
of  Filtration,"  by  Charles  Anthony,  Jr.,  M.  Am.  Soc.  C.  E.,  was  pre- 
sented by  title.     On  this  paper  there  was  no  discussion. 
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Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates elected: 

As  Members. 

Baxter  Lamont  Brown,  St.  Louis,  Mo. 
Albert  Harlow  Dakin,  Jr.,  New  York  City. 
Charles  Morton  Emmons,  Beaver  Falls,  Pa. 
Fred  Eugene  Foss,  State  College,  Pa. 
Owen  Bert  French,  Washington,  D.  C. 
Morris  Knowles,  Pittsburg,  Pa. 
Carl  Gustaf  Emil  Larsson,  Pencoyd,  Pa. 
Samuel  Phillips  Mitchell,  Philadelphia,  Pa. 
Henry  Tegmeyrr  Porter,  Greenville,  Pa. 
Charles  Lewis  Potter,  Memphis,  Tenn. 
Henry  Rohwer,  St.  Louis,  Mo. 
Henry  Bedinger  Bust,  Pueblo,  Colo. 
Clifford  Stanley  Sims,  New  York  City. 
Leonard  Chase  Wason,  Brook  line,  Mass. 
Robert  Patterson  Woods,  Indianapolis,  Ind. 

As  Associate  Members. 
William  Hoyt  Balch,  Washington,  D.  C. 
Edward  Joseph  Carney,  New  York  City. 
Allan  Wadsworth  Carpenter,  Jersey  Shore,  Pa. 
Charles  Corwin  Crew,  Versailles,  Mo. 
James  Laird  de  You,  Philadelphia,  Pa. 
Benjamin  Franklin,  Philadelphia,  Pa. 
Morgan  Dodge  Hayes,  PittBburg,  Pa. 
William  Hale  Kimball,  Davenport,  Iowa. 
Francis  Mason,  New  York  City. 

Sergius  Pavlovitch  Maximoff,  St.  Petersburg,  Russia. 
George  Soter  Miller,  Fishers  Island,  N.  Y. 
James  Adolphus  Omberg,  Jr.,  Memphis,  Tenn. 
Clifford  Moses  Prttchard,  Leavenworth,  Eans. 
John  Cornelious  Sesser,  Kansas  City,  Mo. 
Marshall  Nby  Shoemaker,  Philadelphia,  Pa. 
James  William  Skelly,  St.  Louis,  Mo. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  March  31st,  1903: 

As  Juniors. 
Mark  Anthony  Beltaire,  Jr. ,  New  York  City. 
Edwin  Merritt  Holmes,  Daiquiri,  Cuba. 
Augustus  Kempkey,  Jr.,  Oakland,  Cal. 
James  Henry  Miner,  Fort  Dodge,  Iowa. 
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Egbebt  Jessup  Moore,  Phoenixville,  Pa. 
Geoboe  Tilley  Seabury,  New  York  City. 
James  Hampden  Small,  Jr.,  New  York  City. 
Herbert  Joseph  Wild,  Portland,  Me. 

The  Secretary  announced  the  following  deaths: 
Charles  Andrews  Knowlton,  elected  Member  October  2d,  1901;  died 

March  2d,  1903. 
Robert  Blum  Olney,  elected  Junior  January  3d,  1895;  Associate  Mem- 
ber September  5th,  1900;  died  March  19th,  1903. 
William  Johnston  Taylor,  elected  Fellow  May  10th,  1870;  died  March 
25th,  1903. 
Adjourned. 

April  15th,  1903.— The  meeting  was  called  to  order  at  8.45  p.  m., 
President  Noble  in  the  chair;  Chas.  Warren  Hunt,  Secretary,  and 
present  also,  54  members  and  8  visitors. 

A  paper  entitled  "An  Investigation  of  the  Properties  of  Brick 
Under  Different  Physical  Conditions,"  by  S.  M.  Turrill,  Assoc.  Am. 
Soc.  C.  E. ,  was  presented  by  the  Secretary,  who  also  read  a  communi- 
cation on  the  subject  from  E.  J.  McCaustland,  Assoc.  M.  Am.  Soc.  C.  E. 

The  Secretary  announced  the  death  of  William  Warren  Card, 
elected  Member  September  5th,  1883;  died  April  4th,  1903. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

March  31st,  1903.-  8.40  p.  m.— President  Noble  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Briggs,  Craven, 
Oroes,  Davison,  Knap,  Kuichling,  Pegram,  Osgood,  and  Schneider. 

The  following  resolution  was  passed: 

"That  in  the  future  in  any  year  the  Coilingwood  Prize  for  Juniors 
is  not  awarded,  a  sum  equal  to  the  value  of  the  Prize  be  appropriated 
for  the  purchase  of  books,  photographs,  or  exhibits  of  American 
Engineering  Works;  such  exhibits  to  be  inscribed  in  a  manner 
indicating  their  source;  and  that  it  be  made  the  duty  of  the  Library 
Committee  to  expend  such  funds." 

The  following  gentlemen  were  added  to  the  Local  Committee  of 
Arrangements  for  the  Convention  already  announced : 

J.  C.  Guild,  Chattanooga,  Tenn. 
George  O.  Tennbt,  Spartanburg,  S.  C. 
W.  A.  Leland,  Columbia,  S.  C. 
Nesbit  Wingfieu),  Augusta,  Ga. 
J.  N.  Hazlehubst,  Mobile,  Ala. 

The  following  resignations  were  accepted:  Archibald  Alexander 
Schenck,  M.  Am.  Soc.  C.  E. ;  Walter  Bruce  Gormly,  Jun.  Am.  Soc. 
C.  E. 

Applications  were  considered  and  other  routine  business  transacted. 

Eight  candidates  for  admission  as  Junior  were  elected.* 

Adjourned. 

*  See  page  188. 
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ANNOUNCEMENTS- 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  May  6th,  1903.— 8.30  p.  m.— A  regular  business  meet-, 
ing  will  be  held.  Ballots  for  membership  will  be  canvassed,  and  two 
papers  will  be  presented  for  discussion,  as  follows:  "  A  Small  Bock- 
Fill  Dam,"  by  H.  deB.  Parsons,  M.  Am.  Soc.  C.  E. ;  and  "  Deflection  of 
Beams  with  Variable  Moments  of  Inertia,"  by  C.  W.  Hudson,  M.  Am. 
Soc.  C.  E.  These  papers  were  printed  in  Proceedings  for  March, 
1903. 

Wednesday,  May  aoth,  1903.— 8.30  p.  m. — At  this  meeting  a  paper, 
by  D.  M.  Andrews,  M.  Am.  Soc.  C.  K,  entitled  "The  Economic 
Improvement  of  the  Coosa  and  Alabama  Rivers,  in  Georgia  and 
Alabama,"  will  be  presented  for  discussion.  This  paper  is  printed  in 
this  nnmber  of  Proceedings. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  such 
searches  -have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner  has  been  expressed 
frequently,  and  leaves  little  doubt  that',  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling  compared  to  the  value  of  the  time  of  an  engi- 
neer who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it 
is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the  cost 
of  searches  for  members  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 
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ANNUAL  CONVENTION  OF  1903. 

The  Thirty-fifth  Annual  Con vention  will  be  held  at  Asheville,  N.  C, 
June  9th,  10th,  11th  and  12th,  1903. 

A  circular  will  soon  be  issued  giving  information  as  to  arrange- 
ments, which  are  in  the  hands  of  the  following  Committees : 

Committee  of  the  Boaed  of  Direction. 

J.  James  B.  Cboes,   Chairman, 
Geoboe  H.  Pegbam,  Chas.  Wabben  Hunt. 

Locaij  Committee. 

J.  L.  LudiiOW,  Chairman, 
WlLLIAM  Cain,  J.  Tunnme  Mrr/niTR, 

WlLBTJB  F.  FOSTEB,  WlLLIAM  MONCUBB, 

Geoboe  W.  Frank,  J.  A.  Montgomkby, 

J.  C.  Guild,  E.  T.  D.  Mtebs, 

J.  N.  Hazlehubst,  Arthur  Pew, 

W.  B.  W.  Howe,  Geoboe  O.  Tenney, 

W.  A.  LELAND,  NBSBIT  WlNGFTELD. 


TOPICS  FOR  INFORMAL  DISCUSSION. 

Topic  No.  1 .  Timber  Tests.  (See  statement  in  detail  as  to  this  sub- 
ject, on  page  133.) 

Topic  No.  2.  Sewage  Purification.  (This  subject  will  be  presented 
by  Rudolph  Hering,  M.  Am.  Soc.  C.  £.) 

Topic  No.  3.  In  the  treatment  of  the  Mississippi  River,  is  the  Levee 
Theory  justified  by  Experience? 

Topic  No.  4.  Is  it  possible  to  make  Concrete  which  will  be  Impervious 
to  Water?    If  so,  what  is  the  best  method? 

Topic  No.  5.  What  is  the  effect  of  Sea- Water  upon  Steel,  and  upon 
Steel  and  Concrete  used  in  Combination,  and  iB  the 
use  of  Steel  in  Sea-Water  admissible? 

Topic  No.  6.  In  view  of  the  increasing  weights  of  Rolling  Stock,  for 
what  loadings  should  Railroad  Bridges  be  designed? 

Discussion  on  each  of  these  subjects  is  invited.  Communications 
from  members  who  are  unable  to  attend  the  Convention  will  be  pre- 
sented by  the  Secretary. 
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TIMBER  TESTS. 

This  subject  will  be  introduced  for  discussion  at  the  Annual  Con- 
vention by  Gifford  Pinchot,  Assoc.  Am.  Soc.  C.  E.,  of  the  Bureau  of 
Forestry,  of  the  U.  S.  Department  of  Agriculture,  who  has  prepared 
the  following  statement: 

The  Bureau  of  Forestry,  of  the  United  States  Department  of  Agri- 
culture, intends  to  resume  the  work  of  testing  timber  formerly  carried 
on  by  the  Division  of  Forestry  during  the  years  1891-1896.  A  large 
portion  of  the  groundwork  covered  by  the  proposed  investigation  is  of 
interest  to  engineers,  and  it  is  the  desire  of  the  Bureau  that  the  results 
obtained  shall  be  of  the  greatest  value  to  them.  To  this  end  it  is 
hoped  that  those  engineers  interested  in  the  application  of  timber  to 
construction,  will,  in  this  discussion,  offer  suggestions  and  make  crit- 
icisms which  will  aid  the  Bureau  in  planning  this  series  of  tests. 

It  is  the  intention  of  the  Bureau  to  take  up  these  tests  in  a  thor- 
ough manner  and  devote  whatever  time  may  be  necessary  for  the 
solution  of  the  problems  involved.  It  is  expected  that  the  plan  of 
operation  will  be  sufficiently  complete,  and  the  methods  of  tests  so  well 
chosen,  that  the  data  obtained  may  be  accepted  by  all  experts. 

The  following  account  of  the  proposed  tests  is  of  a  very  general 
nature.  Those  who  are  particularly  interested  can  obtain  a  descrip- 
tion of  the  proposed  tests  in  greater  detail  on  application  to  the  Bu- 
reau of  Forestry,  Washington,  D.  0. 

The  Bureau  aims  at  results  of  practical  value,  such  as  the  values 
expressing  the  strength  and  stiffness  of  the  principal  merchantable 
species  of  timber  of  this  country.  Not  only  will  this  be  done  for 
timber  now  in  use,  but  efforts  will  be  directed  to  ascertaining  the  value 
for  structural  purposes  of  timbers  at  present  not  largely  used,  as,  for 
example,  the  Western  Hemlock  and  the  Southern  Gums.  A  thorough 
series  of  tests  will  be  made  of  the  timbers  of  the  Pacific  Slope,  particu- 
larly the  Bed  Fir,  otherwise  called  Oregon  Pine  or  Douglas  Spruce, 
which  is  now  finding  its  way  in  increasing  quantities  to  eastern  markets. 
If  it  should  appear  that  the  work  done  on  the  Southern  Pines  by  the 
Division  of  Forestry  during  the  years  1891-1896  has  been  sufficiently 
complete,  the  proposed  tests  will  not  cover  these  timbers. 

Experimentation  will  be  directed  also  in  advance  to  the  investiga- 
tion of  the  effects  of  different  factors  of  the  testing  processes  on  the 
results,  such  as  speed  of  application  of  a  load,  method  of  moisture 
determination,  the  effect  of  moisture,  and  of  volatile  oils. 

The  investigation  of  the  effect  of  technological  operations,  such  as 
methods  of  kiln  drying,  methods  of  preserving  timber,  etc.,  will  be 
undertaken. 

In  determining  the  values  of  the  strength  and  stiffness  of  various 
merchantable  timbers,  tests  will  be  made,  both  on  timber  collected  from 
the  market  and  on  timber  collected  in  the  forest.     Full-sized  sticks,  as 
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used  in  construction,  will  in  all  cases  be  tested  under  their  appropri- 
ate loadings. 

Work  is  at  present  in  progress  at  a  station  in  California,  on  the  dif- 
ferent merchantable  grades  of  these  full-sized  timbers,  such  as  bridge 
stringers  and  car  sills  collected  on  the  market.  The  locality  of  origin 
of  the  timbers  is  determined,  and  a  full  description  of  each  stick,  as 
-well  as  a  series  of  photographs  of  all  six  sides,  is  made  a  matter  of 
record.  Full  information  of  the  physical  and  mechanical  properties 
of  the  sticks  under  test  will  be  obtained. 

The  investigation  of  the  effect  of  various  conditions  of  forest  growth 
on  the  physical  and  mechanical  properties  of  timber  will  be  under- 
taken whenever  the  Bureau  is  thoroughly  prepared  for  this  work. 

It  is  hoped  that  the  discussion  will  take  up  the  need  of  making 
timber  tests  from  the  standpoint  of  the  engineer.  Suggestions  are 
invited  as  to  those  particular  matters  which  at  present  most  need 
investigation.  It  is  also  desired  that  discussion  shall  take  place  con- 
cerning the  methods  of  performing  the  tests,  particularly  as  to  the 
best  method  of  determining  the  moisture  in  timber;  and  the  best 
method  of  determining  the  shearing  strength  of  timber. 

It  is  hoped  that  a  full  criticism  of  the  former  tests,  both  as  to 
methods  and  content,  will  be  given. 

It  is  recognized  that  timber  is  subject  to  a  great  number  of  variables. 
Prom  the  botanical  standpoint,  the  ideal  method  of  procedure  would 
be  to  determine  the  properties  of  the  wood  fiber  of  each  species  repre- 
senting the  normal  growth  of  straight-grained  timber.  With  these 
standard  values  as  a  basis,  inquiries  could  be  directed  to  ascertain 
how  much  the  values  are  affected  by  such  variables  as  moisture,  oil, 
speed  of  test,  imperfection  of  structure  due  to  direction  of  grain  or 
knots,  rate  of  growth,  diseases  of  the  tree,  technological  processes 
such  as  kiln  drying  or  preserving,  etc. ;  forest  conditions,  region,  and 
growth.  It  would  seem  that  the  interests  of  all,  whether  engineers, 
manufacturers,  or  botanists,  would  be  consulted  by  such  a  method  of 
procedure.  The  particular  series  of  tests  on  full-sized  sticks  of  market 
timber  would  form  part  of  this  general  scheme. 
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STORAOB  BATTERY  ENOINEERINO. 

A  Practical  Treatise  for  Engineers.  By  Lamar  Lyndon,  Assoc.  M. 
Am.  Inst.  E.  E.  Cloth,  9£  x  6}  ins.,  382  pp.,  illus.  New  York, 
McGraw  Publishing  Company,  1903.     $3.00. 

This  book  Is  intended  to  assist  the  practicing  engineer  in  designing,  installing  and 
maintaining  battery  equipments,  and  to  guide  him  in  the  selection  of  types  of  batteries 
and  auxiliary  apparatus  best  suited  to  the  service  which  they  are  to  perform,  and  at 
the  same  time  Impress  upon  the  technical  public,  both  the  advantages  and  limitations 
of  the  storage  battery  in  practice.  Mathematics  have  been  avoided  as  far  as  possible. 
The  Osmotic  and  Thermodynamic  theories  of  the  storage  battery  have  not  been  dis- 
cussed, as  their  comprehension  requires  more  electro-chemical  Knowledge  than  the 
majority  of  electrical  engineers  possess,  and  this  work  is  intended  to  be  a  practical 
engineers'  manual.  The  chapter  headings  are:  General  Theory  of  the  Storage  Battery: 
General  Requirements;  On  voltage  and  its  Variation;  On  Quantity  and  Distribution  of 
Active  Material;  On  Electrolyte;  On  Quantity  of  Electrolyte;  On  Internal  Discharge; 
On  the  Influence  of  Temperature;  On  Capacity  Variation;  On  Internal  Resistance;  On 
Efficiency;  On  the  Durability  and  Causes  of  Deterioration;  On  Diseases  and  their 
Remedies;  On  Care  and  Management;  Types  of  Plant*  Plates;  Methods  of  Plant* 
Formation;  Faure  System;  Applied  Active  Material  Mixtures;  Envelopes  and  Sepa- 
rators; Containing  Cells;  Assembling  and  Installing;  Testing;  Miscellaneous  Data. 
There  is  an  index  of  five  pages. 

SPECIFICATIONS  POR  ELECTRIC  RAILWAY  BRIDGES.    1902. 

By  C.  8.  Davis.  Paper,  9x6  ins. ,  8  +  48  pp.  Toledo,  C.  S.  Davis, 
1902.     50  cents. 

In  these  specifications  an  equivalent  load  has  been  used  by  the  author  for  the 
reason  that  the  wheel  base  and  wheel  loads  for  electric  railway  cars  vary  to  such  an 
extent  that  it  seems  a  useless  task  to  use  a  different  wheel  load  and  wheel  base  for 
every  line.  The  equivalent  load  used  is  the  same  for  any  span  length,  and  gives  results 
reasonably  close  for  any  wheel  base  that  Is  now  being  used.  There  are  nine  general 
divisions,  as  follows:  General  Descrfotion;  Loads;  Unit  Stresses;  Details  of  Design; 
Shop  Work;  Field  Work;  Quality  of  Material;  Inspection;  Maintenance. 

HEATING  AND  VENTI LATINO  BUILDfNOS. 

A  Manual  for  Engineers  and  Architects.     By  Rolla  C.  Carpenter,  % 
M.  Am.  Soc.  M.  E.     Fourth  Edition,  Revised  and  Enlarged.     Cloth, 
9  x  6  ins.,  16  +  562  pp.,  illus.     New  York,  John  Wiley  &  Sons,  1903. 
3400. 

The  present  edition  of  this  work  has  been  very  largely  re- written  and  considerable 
new  matter  added,  the  size  of  the  book,  as  compared  with  the  first  edition,  being 
increased  by  nearly  one- third.  Three  new  chapters  nave  been  added :  One  relating  to  the 
fan  or  blower  for  moving  air,  another  to  the  general  subject  of  mechanical  systems  of 
heating  and  ventilating,  and  a  third  to  schoolhouse  heating  and  ventilation.  It  is 
believed  that  the  book  in  its  present  form  describes  the  latest  improvements  in  the  art  of 
heating  and  ventilating.  It  also  gives  directions  for  the  construction  and  installation  of 
all  the  various  Bytems  of  heating  and  ventilating  now  in  use.  The  Contents  are:  Nature 
and  Properties  of  Heat:  Principles  of  Ventilation;  Amount  of  Heat  Required  for 
Warming;  Heat  Given  off  from  Radiating  Surfaces;  Pipe  and  Fittings  Used  in  Steam 
and  Hoi -Water  Heating;  Radiators  and  Heating  Surfaces;  Steam-Heating  Boilers  and 
Hot-Water  Heaters:  Settings  and  Appliances;  Methods  of  Operating:  Various  Systems 
of  Piping;  Design  of  Steam  and  Hot-Water  Systems;  Heating  with  Exhaust  Steam;  Non- 
Gravity  Return  Systems;  Heating  with  Hot  Air;  Mechanical  Ventilators;  Mechanical 
Systems  of  Heating  and  ventilating;  Heating  with  Electricity;  Temperature  Regulators; 
Schoolhouse  Warming  and  Ventilation;  Specification  Proposals  and  Business  Sugges- 
tions; Appendix.    There  is  an  index  of  twenty  pages. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  Publishers. 
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DISINFECTION  AND  DISINFECTANTS. 

A  Practical  Guide  for  Sanitarians,  Health  and  Quarantine  Officers. 
By  M.  J.  Bosenau.  Cloth,  8x6  ins.,  353  pp.,  illus.  Philadelphia, 
P.  Blakiston's  Son  &  Co.,  1902.     82.00. 

The  preface  states  that  this  book  has  been  written  with  the  hope  that  it  may  help 
others  who  have  to  battle  with  the  infection  of  the  communicable  diseases.  The  author 
has  tried  to  set  down  the  results  of  his  experience  gained  in  sanitary  work:  of  a  public- 
health  character,  both  in  the  field  and  in  the  laboratory.  It  has  been  his  aim  to  state  the 
important  facts  in  a  form  to  be  of  practical  use  to  the  disinf ector.  The  subject  has  been 
considered  from  the  standpoint  of  the  disinfectant  used,  the  object  to  be  disinfected, 
and  the  disease  for  which  the  disinfection  is  done,  in  considering  any  subject  from 
three  points  of  view  a  certain  amount  of  repetition  is  unavoidable.  The  chapter  head- 
ings are:  Introduction;  Physical  Agents;  Gaseous  Disinfectants;  Chemical  Solutions: 
Insecticides  Applied  to  Disinfection  Against  the  Insect-Borne  Diseases:  Disinfection  of 
Houses,  Ships  and  Objects;  Disinfection  for  the  Communicable  Diseases.  There  1s  an 
index  of  seven  pages. 

THE  ELECTRIC  TELEPHONE. 

By  Edwin  J.  Houston  and  A.  E.  Kennelly.  Second  Edition,  En- 
larged. Cloth,  7x5  ins.,  6  +  453  pp.,  illus.  New  York,  Electrical 
World  and  Engineer,  copyright  1902.  $1.00.  (Presented  by  the 
McGraw  Publishing  Co.) 

The  authors  have  prepared  this  little  book  on  the  telephone,  in  the  hope  of  enabling 
those  who  are  not  trained  in  electro-technics  to  understand  the  main  principles  and 
method  of  operation  of  the  telephone  systems  of  to-day.  Since  the  first  edition  much 
growth  and  development  have  taken  place  in  telephonic  engineering  and  practice.  The 
authors  have  added  three  new  chapters  upon  recent  subjects  of  importance,  and  believe. 
that  by  so  doing,  the  book  will  be  brought  up  to  date.  The  chapter  headings  are:  In- 
troductory; Elementary  Acoustic  Principles;  the  Telephone  Receiver;  The  Microphone 
Transmitter;  The  Induction  Coil;  Call  Bells  and  Batteries;  Single-Circuit  Connections; 
Multiple-Circuit  Connections;  Isolated-Station  Switchboards;  Multiple  Switchboards; 
Telephonic  Circuits;  Long-Distance  Telephony;  Radiphony  and  Miscellaneous  Applica- 
tions of  Electricity;  Common -Battery  Systems;  Visual  8ignals;  Loaded  Telephone  Cir- 
cuits.   There  is  an  Index  of  twenty-seven  pages. 

THE  ART  OP  ILLUMINATION. 

By  Louis  Bell.  Cloth.  9x6  ins.,  839  pp.,  illus.  New  York,  Mc- 
Graw Publishing  Co.,  1902.     $2.50. 

The  author  states  in  the  preface  that  this  volume  Is  a  study  of  the  utilisation  of 
artificial  light.  It  is  intended  to  deal,  not  with  the  problem  of  distributing  illuminanta, 
but  with  their  application,  and  treats  of  the  ilium i nun ts  themselves  only  in  so  far  as  a 
knowledge  of  their  peculiarities  is  necessary  to  their  Intelligent  use.  To  compress  the 
subject  within  reasonable  bounds,  it  has  been  necessary  to  discuss  general  principles 
rather  than  concrete  examples  of  artificial  lighting.  Tne  Contents  are:  Light  and  the 
Eye;  Principles  of  Color;  Reflection  and  Diffusion;  The  Materials  of  Illumination— Illu- 
minanta of  Combustion;  The  Materials  of  Illumination— Incandescent  Burners;  The 
Electric  Incandescent  Lamp;  The  Electric  Arc  Lamp;  Shades  and  Reflectors;  Domestic 
Illumination:  Lighting  Large  Interiors;  Street  and  Exterior  Illumination:  Decorative 
and  Scenic  Illumination;  The  Illumination  of  the  Future;  Standards  of  Light  and  Pho- 
tometry.   There  Is  an  index  of  five  pages. 

RA.ILROAD  CONSTRUCTION,  THEORY  AND  PRACTICE. 

A  Text-Book  for  the  Use  of  Students  in  Colleges  and  Technical 
Schools.  By  Walter  Loring  Webb,  Assoc.  M.  Am.  Soc.  C.  E.  Second 
Edition,  Revised  and  Enlarged.  Morocco,  7x4  ins.,  17  +  675  pp., 
illus.     New  York,  John  Wiley  &  Sons,  1903.    $5.00. 

The  preface  states  that  the  inconvenience  of  the  octavo  edition  for  field-work  was 
found  to  be  limiting  the  use  of  the  book.  It  was  therefore  decided  to  recast  the  whole 
work  and  reduce  the  page  from  "octavo"  to  "pocket-book"  size.  Advantage  waa 
then  taken  of  the  opportunity  to  revise  freely  and  to  add  new  matter.    The  author's 

Srlmary  aim  has  been  to  produce  a  textbook  for  students,  the  subject-matter  has 
ltref ore  been  cut  down  to  that  which  may  properly  be  required  of  students  in  tbe 
time  usually  allotted  to  railroad  work  in  a  civil-engineering  curriculum.  On  this 
account  no  extended  discussion  has  been  given  to  the  multitudinous  forms  of  various 


Affaire.]  ACCESSIONS  TO  THE  LIBRARY.  137 

railroad  devices  in  the  chapters  on  structures.  Ae  aim  has  been  to  teach  the  prin- 
ciples and  to  guide  the  students  into  proper  methods  of  Investigation.  The  Contents 
are:  Railroad  Surveys;  Alignment;  Earthwork;  Trestles;  Tunnels:  Culverts  and 
Minor  Bridges;  Ballast;  Ties  and  Other  Forms  of  Rail  Support:  Ralls;  Rail-Fastenings; 
Switches  and  Crossings;  Miscellaneous  Structures  and  Buildings;  Yards  and  Ter- 
minals; Block  Bignaling;  Rolling  Stock;  Train  Resistance;  Cost  of  Railroads;  The 
Promotion  of  Railroad  Projects;  Operating  Expenses;  Distance;  Curvature;  Grade; 
Improvement  of  Old  Lines;  Adjustments  of  Instruments.  There  is  an  index  of  twenty- 
three  pages. 

BLACKWELL'S  ISLAND  BR! DOE  IN  THE  CITY  OP  NEW  YORK. 

By  Gustav  Lindenthal.  Paper,  24  x  15  ins.,  6  plates.  New  York, 
1903.    60  cents.     (Donated  by  the  author.) 

SELF-PROPELLED  VEHICLES. 

A  Practical  Treatise  on  the  Theory,  Construction,  Operation,  Care 
and  Management  of  All  Forms  of  Automobiles.  By  James  E.  Homans. 
Cloth,  9x6  ins.,  6  +  626  pp.,  illus.  New  York,  theo.  Audel  &  Com- 
pany, 1902.     $2.00. 

The  preface  states  that  the  treatment  of  subjects  throughout  this  work  has  been 
kept  as  nearly  as  possible  in  the  lines  popularly  called  "  non- technical,"  and  the  various 
theories  and  problems  Involved  in  the  construction  and  operation  of  the  prevailing 
types  of  motor  road  carriages  have  been  stated  as  clearly  and  simply  as  possible,  in 
order  that  the  involved  situations  may  be  readily  comprehended  by  all  readers.  The 
fundamental  principles  of  the  several  types  of  motor,  particularly  of  the  gasoline 
engine,  have  been  treated  at  considerable  length,  in  order  that  the  facts  may  be  com- 
prehended in  their  new  relations.  It  has  been  the  author's  aim  to  state  and  discuss  the 
mosL  important  points  of  this  already  immense  subject,  and  to  treat  only  of  construc- 
tions that  have  been  proven  thoroughly  practical.    There  is  an  index  of  six  pages. 

A  PHILOSOPHICAL  ESSAY  ON  PROBABILITIES. 

By  Pierre  Simon,  Marquis  de  Laplace.  Translated  from  the  Sixth 
French  Edition  by  Frederick  Wilson  Truscott  and  Frederick  Lincoln 
Emory,  M.  Am.  Soc.  M.  E.  Cloth,  8x5  ins.,  4  +  196  pp.  New  York, 
John  Wiley  &  Sons,  1902.     32.00. 

This  essay  is  the  development  of  a  lecture  on  probabilities  which  the  author  deliv- 
ered in  1796  to  the  normal  schools  whither  he  had  been  calledjby  a  decree  of  the  national 
convention,  as  professor  of  mathematics,  with  Lagrange.  The  author  presents  here, 
without  the  aid  of  analysis,  the  principles  and  general  results  of  the  theory  of  proba- 
bilities, applying  them  to  the  most  important  questions  of  life. 

Gifts  have  also  been  received  from  the  following: 

Am.  Inst,  of  Min.  Engrs.  17  nam.  Columbus,  Ohio— Water-Works  Dept.  1 
Assoc.  Parisienne  dee  Proprletaires  d'Ap-  pam. 

pareils  a  Vapeur.    1  vol.  Cumberland  Valley  R.  R.  Co.    1  pam. 

Btng/hamton,  N.  Y.— City  Engr.    1  pam.  Currier,  C.  O.    7  pam. 

Bond,  Edward  A.    2  pam.  Delaware  &  Hudson  Co.    1  pam. 

Boston,  Mass.— City  Auditor.    5  bound  vol.  Eng.  Assoc,  of  the  South.    1  pam. 

Boston,  Mass.— Fire  Dept.    8  bound  vol.,  10  Eng.  News  Pub.  Co.    188  bound  vol.,  96  vol., 


pam.  811 1 

Boston,  Mass.— Street  Dept.    7  bound  vol.  Eng.  Standards  Committee.    1  pam. 

Bouscaren,Q.    1  bound  vol.  Ford,  Frederick  L.    1  pam. 

Brandon,  Vt.— Town  Officers.    7  pam.  Furber,  William  Copeland.    1  pam. 

Brooklyn,  N.  Y.— Gommr.  of  Pub.  Works.  Glasgow  &  South-western  Ry.  Co.    1  pam. 

2  pam.  Gloucester,  Mass.— Water  Commrs.  6  pam. 

Back,  Henry  R.    1  bound  vol.,  18  pam.  Grand  Rapids  &  Indiana  Ry.  Co.    1  pam. 

Burlington,  Vt.— City  Clerk.    22  vol.  Great  Britain-Patent  Office.     2  vol.,  2 
Burlington,  Vt.— Water  Dept.    1  pam.  pam. 

Cairns,  Robert  A.    1 pam.  Green  Bay  &  Western  R.  R.  Co.    2  pam. 

Cambridge.  Mass.— City  Clerk.    6  bound  Griggs.  Julian.    1  vol.,  tt  pam. 

vol.,  1  vol.  Hunt,  Chas.  Warren.    2  pam. 

Canada— Chf.  Engr.  of  Rys.  and  Canals.   1  Inst,  of  Civ.  Engrs.  of  Ireland.    6  vol. 

vol.,  8  nam.  Jackson,  G.  W.    1  pam. 

Canada— Tidal  Survey.    4  pam.  Jenkins,  Wm.  Dunbar.    1  para. 

Chicago,  St.  Paul,  Minneapolis  &  Omaha  Lansing.  E.  Ten  Eyck.    1  pam. 

Ry.  Co.    1  pam.  Lawrence.  Mass.— Water  Board.    1  pam. 

Colo.— Agrl.  Exper.  Station.    8  pam.  Lib.  or  Cong.    1  pam. 

Colo.— State  Engr.    1  vol.  Manchester  Steam  Users'  Assoc.    1  pam. 
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Mass.— Metropolitan  Park  Comm.   1  bound  Turtle.  A.  S.    8  pam.,  21  phot. 

vol.  U.  S.  Bureau  of  Forestry.    1  pam. 

Merchants1  Assoc,  of  New  York.    1  vol.  U.  S.  Bureau  of  Statistics.    1  bound  vol. 

Missouri  Pacific  Ry.  Co.    1  pam.  U.  8.Chickamau£a  &  Chattanooga  National 
N.  J.— State  Geologist.    1  bound  vol.  Military  Park  Comm.    2  pam. 

N.  Y.— R.  R.  Commrs.    2  bound  vol.  U.  8.  Chf .  of  Engrs.    6  pam.,  60  specif. 

N.  Y.  Univ.    1  pam.  U.  8.  Commr.  of  Education.    1  bound  vol 

Northern  Central  Ry.  Co.    1  pam.  U.  8.  Dept.  of  Agriculture.    Spam. 

Norwich  Univ.    1  pam.  U.  S.  Geological  Surv.     2  bound  voL,  I 
Olds.  Clark.    19  pam.  pam. 

Ratter,  Geo.  W.    2  vol.  U.  S.  Nautical  Almanac  Office.     2  bound 
Read,  R.  L.    1  bound  vol.,  7  pam.  vol.,  3  pam. 

St.  Louis  Merchants'  Exchange.    1  vol.  U.  S.  Section  of  Foreign  Markets.    1  nam. 

St.  Paul,  Minn.— Board  of  Water  Commrs.  U.  8.  Weather  Bureau     1  pam. 

1  pam.  Walthani,  Mass.— Water  Dept.    1  pam. 

Switzerland- Eidgen.  hydrometrischesBu-  Wellington  Harbour  Board.    1  pam, 

reau.    1  vol.  Western  Ry.  Club.    1  bound  vol. 

BY   PURCHASE. 

Die    Gleichstromraaschlne,  Theorie,  Konstruktion,  Berechnunf, 

Untersuchung  und  Arbeitsweise  derselben.     Von  E.  Arnold.     VoL  L 
Berlin,  Julius  Springer,  1902. 

Hydraulic  Power  and  Hydraulic  Machinery.  By  Henry  Robinson, 
M.  Inst.  C.  E. ,  M.  I.  M.  E.  Second  Edition,  Revised  and  Enlarged. 
London,  Charles  Griffin  and  Company,  Limited,  1893. 

The  Balancing  of  Engines.  By  W.  E.  Dalby,  M.  Inst.  C.  K,  M. 
I.  M.  E.  New  York,  Longmans,  Green  and  Co.;  London,  Edward  Ar- 
nold, 1902. 

The  Steam  Turbine.  By  Robert  M.  Neilson,  Assoc.  M.  I.  M.  E. 
Longmans,  Green  and  Co.,  London,  New  York  and  Bombay,  1902. 

The  Thermodynamics  of  Heat-Engines.  By  Sidney  A.  Reeve.  New 
York,  The  Macmillan  Company;  London,  Maomillan  &  Co.,  Ltd., 
1903. 

Die  Geschlchte  des  Eisens  in  technischer  und  kulturgeschicht- 

lieher   Beziehung.     Von  Dr.  Ludwig  Beck.     Vol.  V,  Pt.  8.     Braun- 
schweig, Friedrich  Vieweg,  1903 . 

Rand,  McNally  &  Co.'s  Indexed  Atlas  of  the  World.  Historical- 
Descriptive-Statistical.  2  vol.  Rand,  McNally  &  Company,  Chicago, 
New  York,  London,  Berlin,  copyright  1902. 

The  New  Volumes  of  the  Encyclopaedia  Britannica,  constituting, 
in  combination  with  the  existing  Volumes  of  the  Ninth  Edition,  the 
Tenth  Edition  of  that  Work,  and  also  Supplying  a  New,  Distinctive, 
and  Independent  Library  of  Reference  Dealing  with  Recent  Events 
and  Developments.  Vols.  I  to  VII,  Forming  Vols.  XXV  to  XXXI  of 
the  Complete  Work.  Adam  and  Charles  Black,  London  and  Edin- 
burgh, The  Encyclopaedia  Britannica  Company,  New  York,  1902. 

Controle    des    Chemin  de  Fer  et   des  Tramways.    Par  Jean  de 

la  Ruelle.     Paris,  Vve.  Ch.  Dunod,  1903. 

The  Trans-Siberian  Route;  or,  Notes  of  a  Journey  from  Peking  to 
New  York  in  1902.  By  Clarence  Cary.  New  York,  The  Evening  Post 
Job  Printing  House,  1902. 
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Traceet Terrassements.  Trace*  par  P.  Frick;  Terrassements  par 
J.  L.  Canaud.     Paris,  Vve.  Ch.  Dunod,  1903. 

Calcareous  Cements:  Their  Nature  and  Uses,  with  some  Obser- 
vations upon  Cement  Testing.  By  Gilbert  B.  Redgrave,  Assoc.  Inst. 
C.  £.  London,  Charles  Griffin  and  Company,  Limited,  1895. 

Slow  Burning:  or  Mill  Construction.  Beport  No.  V  of  the  Insur- 
ance Engineering  Experiment  Station.     Boston,  1902. 


SUMMARY  OF  ACCESSIONS. 

From  March  11th  to  April  7th,  1903. 

Donations  (including  355  duplicates) 886 

By  purchase 20 

Total 906 
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MEMBERSHIP. 


ADDITIONS. 

MEMBBB8. 

Date  oT 
Membership. 

Bbown,  Baxter  Lamont.    Chi  Engr.,  St.  L.  Val.  By.,  Boom 

72,  Laclede  Bldg.,  St.  Louis,  Mo April  1,1903 

Dakin,  Albeet  Hablow,  Jr.    Asst.  Engr.,  C.  B.  B.  of  N.  J., 

370  St.  Nicholas  Ave.,  New  York  City April  1,  1908 

Eno,  Frank  Harvey.    Assoc.  Prof,  of  Civ.  Eng.,  Hayes  Hall, 

Ohio  State  Univ.,   Columbus,  Ohio Mar.  4,  1908 

Finlet,  William  Henry.  Prin.  Asst  Engr.,  C.  &  N.  By.,  Win- 

ne  tka ,  111 Feb.  4,  1903 

Foss,  Fred  Eugene.  Prof,  of  Civ.  Eng.,  Pennsylvania  State 

Coll.,  State  College,  Pa April  1,  1903 

Knowles,     Morris.     Filtration    Engr.,    City    of  I  Jun.  Oct  4,  1892 

Pittsburg;  Civ.  and  Cons.  Engr.  (Chapin  &<  Assoc  M.  Jan.  1,  1896 

Knowles),  1017  Frick  Bldg.,  Pittsburg,  Pa. .  (  M.  April  1.  1908 
Porter,  Henry  Tbomeyeb.  Chf.  Engr.,  Pitts.,  Bessemer  <fe L.  E. 

B.  B.  and  West.  Allegheny  B.  B.,  Greenville,  Pa April  1,  1903 

Sims,  Clifford  Stanley.    Gen.  Supt.,  B.  &  O.  B.  B.,  N.  Y., 

Ft.  of. Whitehall  St.,  New  York  City April  1,  1908 

Woods,  Robert  Patterson.    Chf.  Engr.,  Towns-  /  Jun.  Feb.  2,  1897 

end,  Beed  &  Co. ,  By.  Builders,  1208  Steven.  )  Assoc  M.  Mar.  7,  1900 

son  Bldg.,  Indianapolis,  Ind (  M.  April  1,  1903 

ASSOCIATE    MEMBERS. 

Baloh,   William  Hott.    Engr.,   Southern  Expanded   Metal 

Co.,  1237  G  St.,  N.  W.,  Washington,  D.  C April     1,  1908 

Carney,  Edward  Joseph.    Dept.  of  Bridges,   19  r  j  «  •        «    -™ 

Park  Bow  (Bes.,  527  West  End  Ave.),  New  i  Asa00  M  "      x   19W 

York  City I 

Mason,  Francis.    Care,  Penn.,  N.  Y.  &L.  I.  B.  B.,  j  Jun.  April    3,  1900 

225  West  33d  St.,  New  York  City 1  Assoc.  M.    April    1,  1933 

Mattaib,  Lewis  Henry.     Custom  House,  Chattanooga,  Tenn.    Oct      1,  1902 
Shtma,   Taxejtro.      Imperial    Government  By.,    Shinbashi, 

Tokio,  Japan Mar.     4,  1908 

Shoemaker,  Marshall  Net.  Vice  Pres.  and  Phila.  Mgr.,  Am. 

Concrete. 8teel Co.  (Bes.,  7236  Ridge  Ave.,  Boxborough), 
Philadelphia,  Pa April    1,  1903 

JUNIORS. 

Olausnttzeb,  John.  Engr.  Insp.,  Dept.  of  Highways,  Brook- 
lyn, 157  East  21st  St.,  New  York  City Mar.     3,  1908 

Harps,  Harry  Maot.    Asst.  Bridge  Engr.,  Mason  City  &  Fort 

Dodge  B.  B..  Fort  Dodge,  Iowa Mar.      3,  1908 
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Date  of 
Membership. 
Mathbson,   John   Douglas.    67  West   133d  St.,  New  York 

City        Mar.     3,1903 

Mineb,  Jamkb  Henby.    Box  99,  Fort  Dodge,  Iowa Mar.    31,1903 

Seabuby,  Geobgs  Ttlley.    Asst.  Engr.,  Bapid  Transit  Sub- 
way Constr.  Co.,  1913  Amsterdam  Ave.,  New  Tork City    Mar.    31,  1903 
Tbub,  Albert  Lyman.    The  Owl's  Nest,  Cape  Cottage,  Me. . .     Sept.    2,  1902 
Whitman,  Ezba  Bailey.    702  Fuller  Bldg. ,  New  York  City . . .     Feb.     3,  1903 


CHANGES  OP  ADDRESS. 


Assebson,  Pbteb  Christian Bear  Admiral  and  Civ.  Engr.,  U.  S. 

N.,  1517  Rhode  Island  Ave.,  Wash- 
ington,  D.  C. 

Billin,  Charles  Emery 205  Goethe  St.,  Chicago,  111. 

Black,  William  Murray Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Care, 

Isthmian  Canal  Comm  ,  Corcoran 
Bldg.,  Washington,  D.  C. 

Burhe,  Milo  Darwin Room  18,  N.  E.  cor.  Fourth  and  Wal- 
nut Sts.,  Cincinnati,  Ohio. 

Cappelkn,  Frederick  William Cons.  Engr.,  610  Globe  Bldg.,  Minne- 
apolis, Minn. 

Coombs,  Stephen  Elbbidob Boom  512,   Grand    Central    Station, 

New  York  City. 

Davis,   Chandleb 11  West  34th  St.,  New  York  City. 

Dillman,  George  Lincoln 328  Montgomery  St.,  San  Francisco, 

Cal. 

Fitch.  Charles  Hall Engr.,  U.  S    Geological  Survey,  3062 

Q  St.,  N.  W.,  Washington,  D.  C. 

Harley,  Alfred  Francis.  . . Mandarin,  Fla. 

Hitchcock,  Fbedebice  Collamobb Care,  Geo.  S.  Good  &  Co.,  Boom  27, 

Railroad  Bldg.,  Denver,  Colo. 

Johnson,  Luoten  Samuel Jun.    Engr.,    U.     S.    Engr.    Dept, 

Louisa,  Lawrence  Co.,  Ky. 

Kjbllkb,  Chables Capt.,   Corps,   of  Engrs.,   D.   S.   A., 

Manila,  Philippine  Islands. 

LiOWbie,  Habvey  Chllds Fres.,  The  Lowrie  Safe  <k  Lock  Co., 

1106  Fuller  Bldg.,  Fifth  Ave.  and 
Broadway,  New  York  City. 

Ijusb:,  James  Losing Maj.,    Corps   of   Engrs.,' U.    S.  A., 

U.  .S.  Engr.  Office,  Bock  Island, 
HI. 

McCobmjck,  Geobob  Kino Boadmaster,  A.,  K.  &  N.  By.,  Blue 

Ridge,  Go. 

Maxim,  Hibam  Stevens Care,  Reginald  Crosse,   7  Lancaster 

PL,  Strand,  London,  England, 
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Morse,  Charles  Adelbebt Engr.  of  Eastern  Grand  Div.,  A.,  T. 

&  8.  F.  By.,  Topeka,  Kans. 

Morse,  Edwin  Kibtland Farmers  National  Bank  Bldg.,  Pitts- 
burg, Pa. 

Biohabdson,  B.  Frank 11th  Ave.  and  184th  St.,  New  York 

City. 

Stevens,  John  Frank Chf.  Engr.,  C,  B.  I.  A  P.  By.,  Chi- 
cago, m. 

Stubtbvant,  Cableton  William Engr.    with    the   Atlantic,    Golf   k 

Pacific  Co.,  Box  607,  Mobile,  Ala. 

Towl,  Fobbest  Milton Bialto  Bldg.,  San  Francisco,  Gal. 

Waddell,  Bobkbt  William 720  Delaware  St.,  Boom  401,  Kansas 

City,  Mo. 

Wobbmann,  John  William U.    S.   Asst.  Engr.,  Waterway  from 

Chicago  to  St.  Louis,  1115  N.  Mon- 
roe St.,  Peoria,  111. 

York,  Hebbbbt  Waldo Chf.   Engr.,  Am.  Smelting  &  Befin- 

ing  Co.,  71  Broadway,  New  York 
City. 

associate  members. 

Baldwin,  Hiram  Ellsworth 32  Earle  Aye.,  Glenville,  Ohio. 

Collier,  Byban  Cheves Asst.  Engr.,  Dept.  of  Highways  (Bes., 

2721     Bainbridge    Ave.,     Bedford 

Park),  New  York  City. 
Collins,  Clarke  Pblbo Gen.  Mgr.  and  Chf.  Engr. ,  Kimberly 

Bun  Coal  Co.,  Somerset,  Pa. 
Cowpeb,  John  Whitfield London  Mgr.,  James  Stewart  A  C<v, 

Engrs.  and  Contrs.,  Savoy  Hotel, 

Strand,  London,  W.  C  ,  England. 
Gregory,  John  Hebbbbt Asst.   Engr.,   Comm.    on   Additional 

Water  Supply,  2023  Park  Bow  Bldg.. 

New  York  City. 
Hain,  Jambs  G Engr.,  Masonry  Constr.,  C,  M.  &  St. 

P.   By.    Co.,   192    Fullerton    Ave., 

Chicago,  111. 
Hammatt,  William  Gushing Eng.  Dept.,  N.  Y.CAfl.  R.RB, 

New  York  City. 
Hastings,  Frank  Arnold Eng.  Dept.,  Am.  Bridge  Co. ,  51st  and 

Butler  Sts.  (Bes.,  7  Mawhinney  St.). 

Pittsburg,  Pa. 

Hoffmann,  Bobebt P.  O.  Box  180,  Cleveland,  Ohio. 

Holmes,  Glenn  Dickinson Asst.  Engr.,  New  York  Water  Supply 

Comm.,    Boom    1819,    Park    Row 

Bldg.,  New  York  City. 
Lockwood,  Willabd  Datds Care,     Frodingham,    Iron    &    Steel 

Works,  Frodingham,  near  Doncas- 

ter,  England. 
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Lund,  George  Alfred 6    Church     Sq.,    Capetown,    Sonth 

Africa. 
MoGee,  Van  Norman 405  Taber  Opera  House  Blk.,  Denver, 

Colo. 
Parsons,  Archibald  Livingstone Civ.  Engr.,U.  S.  N. ,  Mare  Island  Navy 

Yard,  Cal. 
Bowell,  George  Freeman Asst.   Engr. ,    Susquehanna  Canal  & 

Power  Co.,  1402  Continental  Trust 

Bldg.,  Baltimore,  Md. 
Stbffens,  William  Frederick Care,  A.  T.  Hardin,  Engr.,  M.  of  W., 

N.  Y.  C.  &  H.  B.  B.  B.,  5  Vanderbilt 

Ave.,  New  York  City. 

Tbodt,  Charles  Eliphalbt West  New  Brighton,  N.  Y. 

Waite,  Guy  Bennett Civ.  Engr.  and  Contr.,  352  West  115th 

St.,  New  York  City. 
Wilson,  Everett  Bboomall 78  Elm  Ave.,  Bahway,  N.  J. 

ASSOCIATES. 

Booth,  William  Febbis 42  Market  St.,  Poughkeepsie,  N.  Y. 

Quincy,  Charles  Frederics: Vice  Pres.,  Railway  Appliances  Co., 

Old  Colony  Bldg.,  Chicago,  111. 

JUNIORS. 

Bassett,  Bobebt  Jay 110  East  50th  St.,  New  York  City. 

Belcher,  Wallace  Edward Niagara    Falls    Power    Co. ,    Niagara 

Falls,  N.  Y. 
Belzneb,  Theodore Insp.,  Bapid  Transit  B.  B.  Comm. , 

Sec.  3,  1st  Div.,  13  Astor  PI.  (Res., 

584  Lenox  Ave.),  New  York  City. 

Cleaver,  Pitson  Jay 445  Fifty-fifth  St.,  Brooklyn,  N.  Y. 

Day,  Arthur  Mortimer 149  West  44th  St.,  New  York  City. 

Henley,  Robert  DwigoinsMontetth.  .  .Asst.  Engr.,  L.  &  N.  B.  B.,  Pensacola, 

Fla. 

Hyatt,  Caleb Pulver  House,  Bavena,  N.  Y. 

Millard,  Curtiss Pres.  and   Gen.  Mgr.,  Peoria  &  Pekin 

Union  By.  Co.,  Peoria,  111. 
Mobphy,  Luis  Gonzaoa Asst.  Engr.,  N.  Y.  C.  &  H,  B.  B.  R., 

5  Vanderbilt  Ave.,  New  York  City. 
Paine,  George  Hebabd '.Cons.  Engr.,  83  Fulton  St.,  New  York 

City. 
Pkbbino,  Henry  Garfield Draftsman,   Phil.    Bap.  Trans.  Co., 

134  North  50th  St.,  Philadelphia, 

Pa. 
Wenige,  Arthur  Emxl Care,  Bureau  of  Eng.,  Finance  Dept., 

280  Broadway,  New  York  City. 
Whttted,  Levi  Romulus Navy  Yard,  Charleston,  S.  C. 
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RESIGNATIONS. 


Date  of 
Resignation. 

Sohengk,  Abohibald  Alexandbb March  31st,  1908 

JUNIOBS. 

Gobmly,  Walteb  Bbuob March     1st,  1908 


DEATHS. 

Knowlton,  Chables  Andbewb Elected  Member,  October  2d,  1901; 

died  March  2d,  1903. 
Olney,  Bobbbt  Blum Elected   Junior,    January  3d,   1895; 

Associate  Member,  September  5th, 

1900;  died  March  4th,  1903. 
Tatlob,  William  Johnston Elected  Fellow,  May  10th,  1870;  died 

Feb.  17th,  1903. 


Affairs.] 


CURRENT  ENGINEERING   LITERATURE. 


145 


MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OP 

INTEREST. 

(March  11th  to  April  7th,  1903.) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the  members 

of  the  Society  the  HUes  of  current  engineering  articles,  which  can  be  referred 

to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 

the  publication    directly,    the    address    and  price  being   given  wherever 

possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre** 

fixed  to  each  journal  in  this  list. 


(i)  Journal.  Assoc.  Eng.  Soc,  857  South 
Fourth  8t.,  Philadelphia,  Pa.,  80c. 

(a)  Proceedings,  Eng.  Club  of  Phils,.,  1188 
Girard  St.,  Philadelphia,  Pa. 

(3)  Journal,  Franklin    Inst.,   Philadel- 

phia, Pa.,  50c. 

(4)  Journal,  Western  Soc.  of  Engrs.,  Mo- 

nadnock  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Canada. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology  Quarterly,  Mass.    Inst. 

Tech.,  Boston,  Mass., 76c. 
(6)  Stevens  Institute  Indicator,  Stevens 

Inst.,  Hoboken,  N.  J.,  50c. 
(9)  Engineering  Magazine,   New   York 

City,  85c7 
(10)  Cassier's  Magazine,  New  York  City, 

25c. 
(ii)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  85c. 
Oa)  The  Engineer  (London),  International 

News  Co..  New  York  City,  85c. 

(13)  Engineering  yews,  New  York  City, 

(14)  The  Engineering  Record,  New  York 

City,  18c. 
(■3)  Railroad  Gazette,  New  York  City, 
10cr. 

(16)  Engineering  and    Mining  Journal, 

New  York  Citj,  16c. 

(17)  Street  Railway  Journal,  New  York 

City,  86c. 

(i 8)  Railway  and  Engineering  Review, 
Chicago,  ill.,  10c. 

1 19)  Scien  title  American  Supplement,  New 
York  CJty,  10c. 

(30)  Iron  Age,  l4ew  York  City,  10c. 

(a  1)  Railway  Engineer,  London,  Eng- 
land, 85c. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don. England,  86c. 

(S3)  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Pa. 

(34)  American  Gas  Light  Journal,  New 
York  City,  10c. 

(a-3)  American  Engineer,  New  York  City, 
Stic. 

(a6)  Electrical  Review,  London,  England. 

(97)  Electrical  World  and  Engineer,  New 

York  City,  10c. 

(98)  Journal,  New  England  Water- Works 

Assoc.,  Boston,  $1. 

(99)  Journal,  Society  of  Arts,  London, 

England,  16c. 

(30)  Annates   des    Travaux   Publics  de 

Beigique,  Brussels,  Belgium. 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 

des  Ecole  Spiciales  de  Oand,  Brus- 
sels, Belgium. 


(39) 


(3a)  Mtmoires  et  Compte  Rendu  des  Tra- 
oaux,  Soc.  Ing.  Civ.  de  France,' 
Paris,  France. 

(33)  Le  Genie  Civil.  Paris,  France. 

(34)  PortefeuUle    Economique   des   Ma- 

chines, Paris,  France. 

(35)  NouveUes  Annates  de  la  Construc- 

tion, Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue  Ginirale  des  Chemins  de  Fer 
et  des  Tramways,  Paris,  France. 

Railway  Master  Mechanic,  Chicago, 
III.,  10c. 

40)  Railway  Age,  Chicago,  111.,  10c. 

41 )  Modern  Machinery ,  Chicago,  111.,  10c. 

42)  Transactions,  Am.  Inst.  Elec.  Engrs., 

New  York  City,  50c. 

(43)  Annates   des   Ponts  et    ChaussAes* 

Paris,  France. 

(44)  Journal,    Military  Service   Institu- 

tion, Governor's  Island,  New  York 
Harbor,  50c. 
(43)  Mines  and  Minerals,  Scran  ton,  Pa., 
80c. 

(46)  Scientific  American,  New  York  City, 

8c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 

(54)  Transactions,  Am.  Soc.  C.  E.,  New 

York  City,  $5. 

(55)  Transactions,  Am.  Soc.  M.  E.,  New 

York  City,  $10. 

(36)  Transactions.  Am.  Inst.  Min.  Engrs., 
New  York  City,  $5. 

(57)  Colliery  Guardian,  London,  England. 

(38 J  Proceedings.  Eng.  Soc.  W.  Pa.,  410 
Penn  Ave.,  Pittsburg,  Pa.,  50c. 

(89)  Transactions,  Mining  Inst,  of  Scot- 
land, London  and  Newcastle-upon- 
Tyne. 

(60)  Municipal   Engineering,    Indianap- 

olis, Ind.,  85c. 

(61)  Proceedings,  Western  Railway  Club, 

886  Dearborn  St.,  Chicago,  111.,  86c. 
(6a)  American  Manufacturer  and  Iron 
World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power.  New  York  City,  80c. 

(65)  (Official  Proceedings,  New  York  Rail- 

road Club,  Brooklyn,  N.  Y.,  15c. 

(66)  Journal  of  Gas  Lighting,  London, 

England,  IV. 

(67)  Cement  and  Engineering  News,  Chi- 

cago, 111.,  85c. 

(68)  Mining  Journal,  London,  England. 
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UST  OP  ARTICLES. 
Bridge. 

Electric  Railway  Bridges.    Wilbur  J.  Watson,    (i)  Jan.  m 

A  Comparison  Between  Eye-Bar  Chains  and  Wire  Cables  for  Suspension  Bridges.     W9- 

helm  Hildenbrand,  M.  Am.  Boc.  C.  E.    (13)  Mar.  12. 
Report  of  Special  Commission  of  Engineers  on  the  Plans  for  the  Manhattan  Bridge ,  New 

York  City.    (13)  Mar  12;  (14)  Mar.  31. 
A  Railway  Trestle  with  Bents  of  Reinforced  Concrete.*    Wm.  A.  Allen,  Assoc.  M.  Am. 

Soc.  C.  E.    (13)  Mar.  12. 
The  Erection  of  the  Miramlchi  Bridge  *    ( 14)  Mar.  14. 
Arch  Bridge  Construction  on  the  C,  M.  &  St.  P.  By.*    (18)  Mar.  14. 
Completion  of  the  Floor  of  the  New  East  River  Bridge.*    (46)  Mar.  14. 
A  Novel  Plan  for  Removing  a  Bridge.*    (40)  Mar.  20. 
The  Chicago  Great  Western  and  the  Fort  Dodge  Bridge.*    (40)  Mar.  20. 
The  Delaware  River  Bridge  of  the  Pennsylvania  Railroad  at  Trenton,  N.  J.*    (40) 

Mar.  20. 
A  Conventional  System  of  Treating  Wheel  Loads.    M.  F.  Brown,  Assoc  M.  Am.  Soc 

C.  E.    (13)  Mar.  26. 
Stone  Arch  Bridge  on  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  at  Watertown,  Wis.*   (13) 

Mar.  26. 
The   Manhattan  Valley  Viaduct  of  the  New  York  Rapid  Transit  Railroad.*    (14) 

Mar.  28. 
Le  Vladuc  de  Kinzua  (Etate-Unis).*    A.  Morizot    (38)  Mar. 

electrical. 

Electric  Shop  Drive:  Discussion.*    W.  A.  Layman,  W.  Cooper,  Ferdinand  Schwedtmaaa. 

(1)  Jan. 
Some  Interesting  Experiences  Connected  with  the  Manipulation  and  Installation  of 

Cables.    H.  W.  Fisher.    (58)  Jan. 
The  Evolution  of  the  Telephone  Switchboard.    Thomas  D.  Lockwood.    (4a)  Feb. 
An  Automatic  Telephone  Operator.    William  J.  Hammer.    (4a)  Feb. 
Electrically  Driven  Shops.    (65)  Feb. 

The  Largest  Power  Plant  in  New  Hampshire  (Amoskeag  Mfg.  Co.).*    (27)  Feb.  28. 
8ome  Engineering  Features  of  the  Bedell  System  of  Composite  Transmission.*    A.  8L 

McAllister.    (37)  Feb.  88. 


Radiant  Efficiency  of  the  Mercury  Arc.    (37)  Feb.  28. 

Analysis  of  the  Seventh  Annual  Report  of  the  Public  Lighting  Commission,  Detroit, 

Mich.    (37)  Feb.  28. 
A  Study  of  the  Phenomenon  of  Resonance  in  Electric  Circuits  by  the  Aid  of  Oscillo- 
grams.   M.  B.  Field.    (Abstract  of  paper  read  before  the  Glasgow  Section.  Inst. 

Elec.  Engrs.)    (*6)  Serial  beginning  Mar.  6. 
The  Joint  Transmission  of  Differing  Currents.    Frederick  Bedell.    (Abstract  of  paper 

read  before  the  Elec.  Soc.  of  Cornell  Univ.)    (36)  Mar.  6. 
The  Electric  Lighting  of  Eastbourne.*    (36)  Mar.  18. 
Some  Notes  on  Continental  Power  House  Equipment.    H.  L.  Rlseley,  A.M.LE.E. 

(Abstract  of  paper  read  before  the  Newcastle  Local  Section,  Inst.  Elec  Engra. )  <a4>) 

Mar.  18. 
The  22  000- Volt  Transmission  Installation  of  the  Northern  California  Power  Company.* 

(37)  Mar.  14. 
Electricity  as  a  Motive  Power  in  Mechanical  Flight.*    T.  Bvard  Collins.    (37)  Mar.  14. 
The  Heyland  Induction  Motor.    Boy  de  la  Tour.    (37)  Serial  beginning  Mar.  14. 
High  Temperature  Electro- Chemistry:  Notes  on  Experimental  and  Technical  Electric 

Furnaces  *    R.  8.  Hut  ton,  A.  I.  E.  E.,  and  J.  E.  Fetavel,  A.  M.  I.  E.  E.    (Paper  read 

before  the  Inst,  of  Elec.  Engrs.)    (10)  Serial  beginning  Mar.  14. 
Kircaldy  Electricity  Works.*    (36)  Mar.  20. 
Test  of  the  National  Telegraphone.*    (18)  Mar.  81. 

Bull's  Selective  System  of  Wireless  Telegraphy  *    A.  Frederick  Collins.    (46)  Mar.  SI. 
The  Testing  of  Recording  Wattmeters  on  the  Consumer's  Premises  by  Means  of  a 

Specially  Constructed  Portable  Test  Meter.    W.  J.  Mowbray.    (37)  Mar.  21. 
A  Notable  Invention  in  Rapid  Telegraphy.    Romyn  Hitchcock.    (37)  Mar.  21. 
Formal  Opening  of  the  Frontier  independent  Telephone  Exchange,  Buffalo,  If.  T.* 

Frank  C.  Perkins.    (37)  Mar.  21. 
Electric  Ignition  in  Gas  Engines.    Sir  David  Salomons,  Bart.    (36)  Serial  beginning 

The  Principles  of  a  New  Method  of  Electric  Lighting.    Paul  Hoho.    (37)  Mar.  28. 


The  Induction  Coil.    James  Edmund  Ives.    (37)  Mar. 

The  Development  and  Use  of  the  Small  Electric  Motor.*    Fred.  M.  KimbalL    (9)  Apr. 

Alternating  Current  for  Light  and  Power.    Chas.  F.  Scott,  Pros.  Am.  Inst.  E.  £.     110) 


Apr. 

Electrical  Developments  In  Russia.*    Thomas  E.  Heenan.    (10)  Apr. 

Power  Test  of  an  Electrically- Driven  Shaper.*    (35)  Apr. 

Motor-Driven  Machine  Tools.*    (35)  Apr. 

The  Application  of  Individual  Motor  Drives  to  Old  Machine  Tools;  McKees  Rocks  Shopa, 
Pittsburg  &  Lake  Erie  R.  R.»    R.  V.  Wright.    (35)  Serial  beginning  Apr. 

Fonctlonnement  de  PEulairage  filectrtque  sur  les  Reseauz  de  "Traction.  Maurice  Sou- 
brier.    (36)  Serial  beginning  Feb.  26. 

Usine  Hydro-filectrique  des  Cdtes  de  Sassenage  (Isere).*    Maduit.    (33)  Mar.  7. 

*  Illustrated. 
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Marine. 

Changes  in  the  Armament  of  Warships.    (ia)  Mar.  18. 

Multitubular  Marine  Boilers  and  Their  Features.*    William  H.  Fowler.    (47)  Mar.  14. 

8ome  Miscellaneous  Types  of  Marine  Boilers.*  William  H.  Fowler.  (47)  Serial  beginning; 

A  New  Sighting  Gear  for  Naval  Guns  and    Gunnery  Signaling  Apparatus*    (46) 


Abatement  of  the  8moke  Nuisance.*    Report  by  Committee,  Engineers'  Society  of 

Western  New  York.    (1)  Jan. 
Notes  on  the  Design  of  Riveter  Yokes.*    Chester  B.  Albree.    (58)  Jan. 
The  Theory  of  Operation  of  the  Gasoline  Engine.*   E.  C.  Oliver.    (1)  Feb. 
Electrically  Driven  Shops.    (65)  Feb. 

The  Largest  Power  Plant  in  New  Hampshire  (Amoskeag  Mfg.  Co.).*    (a7)  Feb.  98. 
Economy  in  the  Use  of  Coal  for  the  Production  of  Power.    Ira  N.  Hollls.    (a8)  Mar. 
Waste  Heat  Engines.    Edward  F.  Miller.    (28)  Mar. 
Cranes  for  Railroad  Shops.*    G.  R.  Brandon.    (39)  Mar. 

Standard  Specifications  for  Cast-Iron  Pipe  and  Special  Castings .*   New  England  Water- 
Works  Assoc.    (*8)  Mar. 
Inauguration  of  the  New  Gas-Works  at  Granton  (Edinburgh).*    (66)  Mar.  8. 
The  Coke  Plant  at  the  Smethwick  Gas- Works;  a  Gravity  Bucket  Conveyor  for  Feeding 

Water-Gas  Plant.*    (66)  Mar.  8. 
The  Fischer  Air-Gas  System.*    (66)  Mar.  8. 

Calorimetry  of  Gaseous  and  Liquid  Fuels.    W.  Garnet  Wernham.    (Extracts  from 
__    Paper  read  before  the  Junior  Inst,  of  Engrs.)    (66)  Mar.  8. 
The  Crystal  Palace  Motor-Car  Show.*    (11)  Mar.  6. 

Indicating  High-Speed  Steam  Engines.*   A.  Marshall  Alter,  A.  M.  I.  C.  E.     (ia)  Mar.  6. 
Gas  Engines  with  Recent  Improvements.*    James  Atkinson.    (Paper  read  before  the 

Manchester  Asaoc.  of  Engrs.)    (47)  Mar.  7. 
Combined  Oil-Carburetted  and  RlueWaterGas  Plant  at  Smethwick.*    (66)  Mar.  10. 
Tar  Fog.*   William  Everitt.    (Paper  read  before  the  Manchester  District  Inst,  of  Gas 

Engrs.)    (66)  Mar.  10. 
The  Donora  Plant  (Union  Steel  Co.).    (ao)  Mar.  18. 

Large  Stop  Valves  for  High  Pressure  Steam.    J.  Hamilton  Gibson.    (6a)  Mar.  18. 
The  Petevel-Kingamill  Recording  Pressure  Gauge.*    (11)  Mar.  18. 
A  New  Steam  Motor  Car.*    ( ia)  Mar.  18. 

The  Works  of  the  Wellman-Seaver-Morgan  Engineering  Company.*    (aa)  Mar.  18. 
Central  Station  Gas  Engines.*    C.  H.  Williams.    (Paper  read  before  the  Wisconsin  Gas 

Assoc.)    (34)  Mar.  16. 
Hydraulic  Experiments  on  a  Plunger  Pump.*   John  Goodman.     (Paper  read  before  the 

Inst,  of  Mech.  Engrs.)    (6a)  Serial  beginning  Mar.  19. 
A  Modern  Coke  Oven .*    (aa)  Mar.  80. 

Pneumatic  Tools  and  Appliances.*    Ewart  C.  Amos.    (47)  Mar.  81. 
The  Industrial  Utilization  of  Smoke.*    Emile  Guarini.    (19)  Mar.  81. 
The  Cold  Storage  Plant  in  the  Cornell  Medical  College.*    (14)  Mar.  81. 
A  Visit  to  M.  de  Brouwer  at  Bruges;  a  New  Charging  Machine  of  Original  Design.*  (66) 

Mar.  84. 
A  Combination  Dellwik  Water-Gas  and  Peebles  Oil-Gas  Plant  at  Cleethorpes.*    (66) 

Mar.  84. 
A  Method  of  Calculating  the  Range  of  Speed  to  be  Obtained  from  a  Pair  of  Equal  Cones. 

Frank  B.  Kleinhaus.    (13)  Mar.  86. 
Some  Recent  Tests  of  Mechanical  Stokers.    G.  A.  Hutchinson.    (13)  Mar.  26. 
Squandering  Coal.    Egbert  P.  Watson,    (ao)  Mar.  86. 
The  Thornycroft  Steam  Wagon.*    (11)  Mar.  27. 
Petroleum  Incandescent  Lighting.*    Arthur  Eltson.    (39)  Mar.  87. 
The  Grinding  Machine  and  Some  Tools.    H .  Darbyshlre.    (1a)  Serial  beginning  Mar.  87. 
The  Modern  Continuous  Rolling  Mill.*   Axel  Sahlin.    (aa)  Mar.  87. 
Electric  Ignition  in  Gas  Engines.    Sir  David  Salomons,  Bart.    (a6)  Serial  beginning 

Mar.  87. 
The  United  States  Navy  Experiments  on  Oil  Fuel*    (47)  Mar.  88. 
An  Industrial  Plant  Aerial  Tramway.    (14)  Mar.  88. 
The  Development  of  the  Gas  Distributing  System  of  the  Suburban  Gas  and  Electric 

Company  in  Revere  and  Winthrop,  Mass.    A.  B.  Tenney.    (34)  Mar.  80. 
Gas  for  Industrial  Purposes.    James  H.  Walker.    (34)  Mar.  80. 
Utilizing  Air  Pump  Exhaust.    Ben  Johnson.    (Paper  presented  before  the  Railway 

Club  of  Mexico.)    (30)  Apr. 
A  New  Internal  Combustion  Engine.*    (41)  Apr. 

The  Modern  Plant;  Practical  Directions  and  Suggestions  Concerning  Its  Design  and  Op- 
eration in  Order  to  Secure  the  Best  Results.*       W.  H.  Wakeman.    (41)  Apr. 
The  Diesel  Engine.*    (64)  Apr. 

Gas  Engines  at  the  Dusseldorf  Exposition.*   R.  Mathot.    (64)  Apr. 
A  Belting  and  Pulley  Chart  *   A.  G.  Holman.    (64)  Apr. 

Hints  on  the  Design  and  Construction  of  Shaft  Governors.*    C.  B.  Risley.    (64)  Apr. 
Producer  Gas  ana  Gas  Engines.    (64)  Apr. 
The  Governor.*    (64)  Apr. 
Metal  Cutting  with  the  New  Tool  Steels.    Oberlin  Smith.    (9)  Apr. 


♦Illustrated. 
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MeduralcaMContlnued). 

The  Application  of  Individual  Motor  Drives  to  Old  Machine  Tools;  McKees  Books  Shops, 
Pittsburg  &  Lake  Erie  B.  R.*    B.  V.  Wright,    (as)  Serial  beginning  Apr. 

Motor  Driven  Machine  Tools.*    (as)  Apr. 

The  New  Le  Blond  Milling  Machine.*    (ao)  Apr.  8. 

The  Berg  Boiler  Feed  Regulator.*    (6a)  Apr.  2. 

The  Rotary  Kiln  as  an  Adjunct  to  the  Blast  Furnace.    A.  D.  Blbers.    (6a)  Apr.  9. 

Notes  on  High  Pressure  Distribution  (Gas).*    W.  A.  Learned.    (34)  Apr.  0. 

Les  Nouveautes  en  Automobile*    Mlral.    (36)  Serial  beginning  Feb.  45. 

Les  Condensations  Centrales.*    A.  Abraham.    (36)  Serial  beginning  Feb.  86. 

Conditions  d'Etablissement  des  Anneauz  de  Piston  des  Machines  a  Vapour.*  E. 
Dethiollaz.    (36)  Mar.  10. 

L'Alcool  Industrie!:  Eclairage  par  Incandescence  *    (36)  Mar.  86. 

Metallurgical. 

A  8tudy  of  the  Relations  between  the  Mlcrostructure,  the  Heat  Treatment,  and  the 

Physical  Properties  of  Axle  Steel  •    Henry  Fay,  A.  W.  Higgins,  and  F.  W.  Coburn. 

(7)  Mar. 
The  Use  of  High  Sulphur  Fuels  in  Blast  Furnaces,    (ao)  Mar.  18. 
The  Electro-Metallurgical  Production  of  Iron  and  Steel.*    (1a)  Mar.  18. 
Melting  Steel  with  Cast  Iron.    R.  P.  Cunningham.    (Paper  read  before  the  New  England 

Foundrymen'8  Assoc.)    (ao)  Mar.  19:  (13)  Apr.  8. 
Cyanide  Process  with  Anhydrous  Peroxide  or  Carium.    Eugen  Schilz.    (68)  Mar.  81. 
width  of  Furnace  Relative  to  Tonnage  in  Copper  Matte  Blast  Furnace  Practice.    W. 

Randolph  Van  Liew.    (16)  Mar.  81. 
Blast  Furnace  and  Ironworks  at  Cette.    (1a)  Mar.  87. 
Strength  of  White- Iron  Castings  as  Influenced  by  Heat- Treatment.    A.  E.  Outerbridge, 

Jr.    (Read  before  the  Amer.  Soc.  for  Testing  Materials.)    (3)  Apr. 
Etat  Actuel  des  Industries  du  Fer  et  d'Acier  dans  les  Provinces  du  Rhin  et  de  la  West* 

phalie.*    Alexandre  Gouvy.    (3a)  Jan. 
Afflnage  de  la  Fonte  par  le  Precede  Talbot  a  1'Usine  de  Frodingham  (Angleterre).    (33) 

Mar.  81. 

Mining. 

Copper  Mining  in  Upper  Michigan.*   J.  F.  Jackson.    (4)  Feb. 

Recent  Developments  in  Safety  Lamps.    William  Best.    (Paper  read  before  the  South 

Staffordshire  and  East  Worcestershire  Inst,  of  Min.  ffngrs.)    (57)  Feb.  87. 
The  Cost  and  the  Conditions  of  Working  Collieries  in  Germany,    (aa)  Serial  beginning 

Mar.  6. 
Rise  and  Progress  of  Coal  Mining  in  the  United  Kingdom.  B.  A.  8.  Bedmayne.  (57)  Serial 

beginning  Mar.  6. 
The  Cost  of  Pumping  at  the  Short  Mountain  Colliery  of  the  Lykens  Valley  Coal  Com- 

R.  V.  Norris,  M.  Am.  Inst.  M.  E.    (13)  Mar.  18. 


Cost  of  Shaft  Sink  In*  and  Drifting  at  the  Lincoln  Gold  Mine,  California,    (13)  Mar.  19. 
The  Mechanical  Engineering  of  Modern  Collieries.    William  Bardill.    (37)  Mar.  80. 
Recent  Mining  and  Milling  Costs  and  Methods  on  the  Mother  Lode,  California.*   Frank 


Langford,  M.  Am.  Inst.  M.  E.    (13)  Mar.  86. 
~       y of  Miss  Fires.    (57)  Serial" 

ngs  *    (57)  Mar.  87. 

Electricity  In  Modern  Mining  Drainage  Installations*    Frank  C. Perkins.    (46)  Mar.  88. 


The  Theory  of  Miss- Fires.    (57)  Serial  beginning  Mar.  87. 
Shaft  Linings.*    (57)  Mar.  $7. 

Electricity  In  Modern  Mlnin^ 

The  Iron  Ore  Mines  of  Biscay*    Bennett  H.  Brough.    (10)  Apr. 

Water  Hoisting  in  the  Pennsylvania  Anthracite  Regions.*    (45)  Apr. 

Electrical  Apparatus  for  Coal  Mining.    W.  B.  Clarke.    (45)  Apr. 

Hoisting  from  Great  Depths.    Robert  Peele.    (16)  Apr.  4. 

Minas  Nuevas,  Parral,  Mexico.*    G.  A.  Burr  and  Louis  S.  Cates.    (16)  Serial  beginning. 

Mar.  14. 
Les  Charbonnages  du  Tonkin.*   F.  Schiff.    (33)  Mar.  14. 

Miscellaneous. 

The  Metric  System.    C.  H.  Tutton.    (1)  Feb. 

Recording  Unit  Costs  of  Contract  Work.    Emile  Low,  M.  Am.  Soc.  C.  E.    (13)  Mar.  86. 
litat  Actuel  des  Industries  du  Fer  et  d'Acler  dans  les  Provinces  du  Rhin  et  de  la 
Westphalie.*    Alexandre  Gouvy.    (3a)  Jan. 

Municipal. 

The  Gorter  Water  Tower  (Fire  Service).*    H.  J.  Bennet.    (46)  Mar.  14. 

Street  Lighting  Conditions  in  New  York  City  and  a  Proposed  Municipal  Plant.    (13) 

The  Comparative  Cost  of  Street  Lighting  in  Various  Cities.    (14)  Mar.  81. 
Methods  and  Results  in  Rochester/New  York.*    (60)  Apr. 
Some  Modern  Appliances  for  Life  Saving  at  Fires.*    (46)  Apr.  4. 

Railroad. 

Diversity  of  Practice  in  General  Engineering  on  American  Railways.*    Archibald  A. 

8chenck.    (4)  Feb. 
The  Chicago  &  North-Western  Railway  Company's  Method  of  Purifying  Water  for 

Locomotive  Boilers.*    G.  M.  Davidson.    (61)  Feb. 


*  Illustrated. 
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Rsllroad-(Coiitinued). 

Locomotive  Front  Ends:  Piston  Valves;  Steam  and  Air  Line  Connections.    (Discussions 

at  meeting  of  New  York  R.  R.  Club. )    (65 )  Feb. 
Heavy  Freight  Locomotive,  Chicago,  Burlington  A  Qulncy  Railroad.*    (39)  Mar. 
Three  Cylinder  Ten- Wheels  Coupled  Tank  Engine:  Great  Eastern  Railway.*    (ai)  Mar. 
A  Railway  Trestle  with  Bents  of  Reinforced  Concrete.*   Wm.  A.  Allen,  Assoc  M.  Am. 

80c.  C.  E.    (13)  Mar.  18. 
Electric  Interlocking  at  the  Lake  Shore- Rock  Island  Terminal.*    (is)  Mar.  18. 
Improvements  on  the  Pennsylvania  Railroad.*    6.  Wbinery.     (is)  Serial  beginning 

Mar.  18. 
Railroad  Shops.*    Walter  G.  Berg,    (is)  Serial  beginning  Mar.  18. 
"  Belpalre"  Express  Locomotive,  Midland  Railway  *    (1a)  Mar.  18. 
A  New  Yard  Design.*    W.  C.  Cushing.    (13)  Mar.  18. 
The  Rail  as  a  Girder.*    P.  H.  Dudley.    (13)  Mar.  18. 
A  New  Chicago-St.  Louis  Line.*    (13)  Mar.  18. 
Goodwin  Cars  at  Work.*    (is)  Mar.  18. 

Tests  and  Inspection  of  Cast-iron  Wheels.    C.  W.  Gennet,  Jr.    (is)  Mar.  18. 
Three  Cylinder  Compound  Locomotive  for  the  Midland  Railway  of  England.*    (40) 

Mar.  18. 
The  Purification  of  Feed  Water.    J.  B.  Greer.    (Abstractjof  Paper  read  before  the  Ry. 

Club  of  Pittsburg. )    (40 )  Mar.  18. 
Improved  Methods  for  Difficult  Subaqueous  Tunneling .*    (14)  Serial  beginning  Mar. 

The  Third  Rail  on  the  Baltimore  A  Ohio*    W.  D.  Young.    (17)  Mar.  14. 

The  Mansfield  Semaphore  Switch  Stand.*    (18)  Mar.  14. 

Water  Softening  Plant  for  the  Buffalo,  Rochester  A  Pittsburg  Ry.*    ( 18)  Mar.  14. 

Effect  of  Beavy  Wheel  Loads  on  Track  and  Reduced  Cost  of  Moving  Traffic*    (18)  Mar. 

14. 
Methods  of  Surfacing  Concrete  Culverts;  New  York  Central  A  Hudson  River  R.  R., 

Pennsylvania  Division.*    George  W.  Lee,  Jun.  Am.  Soc.  C.  E.    (13)  Mar.  19. 
Experience  with  the  Per  Diem  Car  Service  Rules.    George  S.  81pp.    (Extracts  from 

paper  read  before  the  Richmond  R.  R.  Club.)    ( 13*  Mar.  90. 
New  Lackawanna  Car-Shops;  Tool  and  Power  Equipment.    (13)  Mar.  90. 
The  St.  Louis  Terminal  Improvements.*    (13)  Mar.  90. 
Chicago  A  Alton  Water  Supply*    (40 )  Mar.  90. 
The  Kansas  City,  Mexico  A  Orient  Railway  Enterprise.*    (40)  Mar.  90. 
Relocation  of  the  Chicago,  Burlington  A  Quincy  in  Western  Iowa.*    (40)  Mar.  90. 
Preventing  Highway  Crossing  Accidents.*    E.  W.  Yogel.    (40)  Mar.  90. 
The  Pennsylvania  Low-Grade  Line  and  Cut  Off s.*    (40)  Mar.  90. 
Engineering  and  Construction  of  the  St.  Louis,  Kansas  City  A  Colorado  Railroad.*    J. 

L.  Campbell,  M.  Am.  Soc.  C.  E.    (40)  Mar.  90. 
Pennsylvania  Track  Elevation  at  Wilmington,  Delaware.*   (40)  Mar.  90. 
The  New  Rock  Island— Lake  Shore  Passenger  Station  at  Chicago.*    (40)  Mar.  90. 
The  Effect  on  Track  of  Modern  Equipment  and  High  Speeds.    P.  H.  Dudley.    (40)  Mar. 

90. 
Signalling  and  Interlocking.*    (Report  of  the  Committee  of  the  Amer.  Ry.  Eng.  and  M. 

of  W.  Assoc.)     (40}  Mar.  90;  Abstract.    (13)  March.  97.;  Abstract  (18)  Mar.  91. 
Buildings.    (Report  of  the  Committee  of  the  Amer.  Ry.  Eng.  and  M.  of  W.  Assoc.)    (40) 

Mar.  90. 
Track.    (Report  of  Committee  of  the  Amer.  Ry.  Eng.  and  M.  of  W.  Assoc.)    (40)  Mar. 

90;  Abstract  (18)  Mar.  91. 
81gns,  Fences,  Crossings  and  Cattle-Guards.*    (Report  of  Committee  of  the  Amer.  Ry. 

Eng.  andM.  of  wTAssoc.)    (40)  Mar.  20. 
Yards  and  Terminals.    (Report  of  Committee  of  the  Amer.  Ry.  Eng.  and  M.  of  W. 

Assoc.)    (40)  Mar.  90. 
Ties.    (Report  of  Committee  of  the  Amer.  Ry.  Eng.  and  M.  of  W.  Assoc.)    (40)  Mar.  90; 

Abstract  (18)  Mar.  91. 
Power  Equipment  of  the  Pennsylvania  Union  Station,  Pittsburg.*    ( 14)  Mar.  91. 
Northern  Ohio  Interurban  Lines.*    (17)  Mar.  91. 
A  French  Compound  Express  Passenger  Engine.*  '(47)  Mar.  91. 
Locomotives  for  the  Mediterranean  Railway.    (11)  Mar.  97. 
Atlantic  Locomotive  for  Pennsylvania  Lines.*    (40)  Mar.  97. 
American  and  British  Railway  Practice.     (Extract  from  Report  of  Lt-Col.  Yorke.) 

(18)  Mar.  98. 
New  Electro-Pneumatic  Interlocking  Plant  for  the  St.  Louis  Union  Station.*     (18) 

Mar.  28. 
Heavy  Passenger  Locomotives,  Chicago  A  Alton  Railway.*    (30)  Apr. 
Topeka  Shops  of  the  Atchison,  Topeka  A  Santa  F6  Railway.*    (30)  Apr;  (13)  Apr.  9. 
Railroad  8hop  Tools.    Charles  H.  Fritch.    (39)  Serial  beginning  Apr. 
Electric  Traction  on  Steam  Railways.    Alton  D.  Adams.    (10)  Apr. 
The  Application  of  Individual  Motor  Drives  to  Old  Machine  Tools:  McKees  Rocks  Shops, 

Pittsburg  A  Lake  Erie  R.  R  *    R.  V.  Wright.    (33)  Serial  beginning  Apr. 
Experimental  Tandem  Compound  Freight  Locomotive,  9-8-0  Type,  New  York  Central  A 

Hudson  River  Railroad.*    (35)  Apr. 
New  Passenger  Locomotive,  Pennsylvania  Lines  West  of  Pittsburg,  4-4-9  Type.*    (as) 

Apr. 
Improved  Treatment  of  Cast  Iron  Car  Wheels.    F.  E.  Seeley.    (as)  Apr. 

*  Illustrated. 
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Hallroad-(Contlnued) . 

"Anti-Friction"  Car  Side  Bearings  and  Center  Plates;  Pittsburg  A  Lake  Erie,    (as 

Apr. 
Tunnel  at  Michel  Creek  Loop,  Crow's  Nest  Pass  Line,  Canadian  Pacific  By.*    0.  B. 

Coutlee,  M.  Can.  So.*.  C.  E.    (13)  Apr.  2. 
The  Sate  Course  (for  Prevention  of  Collisions) .    Charles  Hansel,  M.  Am.  Soo.  0.  E.    (13) 

Apr.  2. 
Local  Coal  Pockets  for  the  Lehigh  Valley  B.  B.,  at  Newark,  N.  J.*    Walter  G.  Berg, 
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The  Coosa  River  is  formed  by  the  junction  of  the  Oostanaula  and 
Etowah  Elvers  at  Borne,  Ga.,  which  streams  have  their  sources  in  the 
mountains  of  Northern  Georgia. 

The  Oostanaula  and  its  tributary,  the  Coosawattee,  are  navigable 
the  year  round  for  light-draft  boats  from  Borne,  Ga.,  to  Carter's  Land- 
ing, a  distance  of  105  miles. 

The  Coosa  has  always  been  navigable  from  Borne,  Ga.,  to  Greens- 
port,  Ala.,  a  distance  of  162  miles.  From  Greensport  to  Lock  No.  4, 
Ala.,  a  distance  of  26  miles,  the  river  has  been  made  navigable  for 
boats  of  4 -ft.  draft  by  the  construction  of  three  looks  and  four  dams, 
and  by  channel  excavation  at  points  between  the  dams.  From  Lock 
No.  4  to  Wetumpka,  Ala.,  a  distance  of  116  miles,  there  occurs  a  suc- 
cession of  rapids  having  a  combined  fall  of  123  ft.  In  this  section  no 
work  of  improvement  has  been  done,  except  at  Wetumpka,  where  the 

Note.— These  papers  are  Issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  ls  invited  from  those  who  cannot  be  present  at  the  meeting,  and  raay 
be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published 
in  a  subsequent  number  of  Proceedings*  and,  when  finally  closed,  the  papers,  with  dis- 
cussion in  full,  will  be  published  in  Transactions. 
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masonry  of  Lock  No.  31  has  been  finished  and  a  lock-master's  honse 
built.  From  We  turn  pk  a  to  the  month  of  the  Coosa,  a  distance  of  14 
miles,  the  fall  is  gentle,  and  no  locks  and  dams  will  be  required, 
from  Wetumpka  to  Mobile,  Ala.,  a  distance  of  377  miles,  there  has 
always  existed  navigation  for  light-draft  boats  the  year  round. 

It  will  thus  be  seen  that  on  this  system  of  rivers  there  would  be, 
with  the  improvement  of  the  116  miles  now  closed  to  navigation,  a 
water  route  of  transportation  from  the  mountains  of  Georgia  to  the 
Gulf,  at  Mobile,  a  distance  of  786  miles. 

The  Coosa  and  Alabama  Rivers  were  discovered  by  DeSoto  in  1540. 
He  marched  down  the  entire  length  of  the  Coosa,  and  down  the  Ala- 
bama to  the  Choctaw  Bluff,  where,  in  an  engagement  with  the  tribe  of 
Mobile  Indians,  his  force  was  greatly  weakened,  though  he  almost 
annihilated  the  tribe  of  Indians. 

After  DeSoto's  glimpse  of  them,  these  rivers  almost  disappeared 
from  the  knowledge  of  civilized  man  for  nearly  a  century  and  a  half. 
The  words  of  Mark  Twain,  referring  to  the  discovery  of  the  Missis- 
sippi by  the  same  explorer,  apply  equally  well  to  the  Coosa  and  Ala- 
bama Rivers: 

"Apparently  nobody  happened  to  want  such  a  river;  nobody 
needed  it,  nobody  was  curious  about  it;  so,  for  a  century  and  a  half, 
the  Mississippi  remained  out  of  the  market  and  undisturbed.  When 
DeSoto  found  it,  he  was  not  hunting  for  a  river,  and  had  no  present 
occasion  for  one,  consequently,  he  did  not  value  it  or  even  take  any 
particular  notice  of  it. " 

Geologically,  the  Coosa  flows  through  the  formations  of  the 
Paleozoic  Era  to  within  27  miles  of  Wetumpka.  Through  this  last 
part  of  its  course  it  flows  over  crystalline  rocks  of  pre- Cambrian 
origin,  and  at  Wetumpka  enters  the  coastal'  plain  and  the  Cretaceous 
formation. 

Through  its  upper  course  the  river  passes  through  the  Coosa  coal 
field  near  Lock  No.  4,  and,  in  places,  the  bluffs  forming  its  banks  con- 
tain great  deposits  of  iron  ore  and  limestone.  In  this  section  occur 
also  deposits  of  bauxite,  roofing  slates,  and  great  forests  of  long-leaf 
(Southern)  pine  and  hard  woods  of  many  varieties. 

The  drainage  area  of  the  Coosa  Basin,  to  Riverside,  Ala.,  113  miles 
above  Wetumpka,  including  its  tributaries,  is  given  by  the  Hydro- 
graphic  Division  of  the  United  States  Geological  Survey  at  6  850  sq. 
miles. 
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The  country  adjacent  to  the  Alabama  River,  while  rich,  agricultur- 
ally, has  few,  if  any,  mineral  resources. 

The  banks  of  the  Coosa,  over  the  116  miles  to  be  improved,  are 
generally  high,  and  in  many  places  they  are  precipitous,  rocky  bluffs. 
On  such  a  stream,  then,  high  lifts  for  locks  and  dams  could  be  used 
without  submerging  much  of  the  adjoining  lands. 

The  questions  now  arise:  First,  what  is  the  economic  depth?  and, 
second,  what  is  the  economic  lift?  Upon  the  correct  answers  to  these 
two  questions  depends  the  proper  solution  of  the  problem,  and  in 
answering  them  the  effort  will  be  made  to  reduce  the  problem  to  the 
economic  basis  of  business  principles;  the  principles  that  govern  the 
location  of  railroads,  and  the  inauguration  and  construction  of  other 
works  of  a  public  character. 

Two  depths  for  the  navigation  of  these  rivers  have  been  proposed 
namely,  4  ft.  and  6  ft.  The  present' discussion,  therefore,  will  be  con- 
fined to  these  two  depths,  for  to  extend  it  to  others  would  carry  the 
paper  far  beyond  the  limits  proposed. 

Acting  under  the  direction  of  Captain  B.  R.  Raymond,  Corps  of 
Engineers,  (J.  S.  A.,  the  writer  has  deduced  two  equations,  showing 
the  relations  between  lift  and  cost  of  locks  and  accessories  of  standard 
design  for  the  Coosa  River,  one  for  4-ft.  and  one  for  6  ft.  navigation. 
The  equations,  the  method  of  their  deduction,  and  the  theoretic  eco- 
nomic effect  of  the  use  of  the  economic  lifts  are  given  in  what  follows, 
together  with  a  discussion  of  other  economic  questions  relating  to  the 
improvement. 

Assuming  the  river  to  have  a  uniform  slope  and  cross-section,  the 
cost  of  one  lock  can  be  stated  as  follows: 

Y  =  cost  of  one  lock  and  accessories,  in  terms  of  the  lift,  =  C  + 
cost  of  excavation  -(-  c6st  of  lock-walls  -f  cost  of  wing-walls  -+-  cost  of 
gates  -+-  cost  of  valves  +  cost  of  dam  +  cost  of  abutment  -f  cost  of 
guide  piers  -f  cost  of  engineering,  inspection  and  office  expenses. 
The  constant,  C,  includes : 

Gate-maneuvering  machinery ' $410 

Coffer-dam 5  000 

Lock  house 3  0UO 

Fencing  and  outbuildings 1  500 

Lock  site 1  000 

Miter-sills 1  206 

$12  116 
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The  expression  for  the  variable  costs  entering  the  equation,  in 
-which  x,  the  lift,  is  a  factor,  are  as  follows: 
Cost  of  excavation  = 
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Cost  of  guide  piers  =  300  x. 

Cost  of  engineering,  inspection,  etc.,  =  1  500  x. 

The  values  given  the  letters  are  the  respective  dimensions,  etc., 
proposed  for  the  locks,  dams,  etc. ,  except  the  length  of  the  dams, 
which  is  assumed.  Unit  prices  are  based  upon  the  cost  of  similar  work 
on  this  and  the  Warrior  River. 
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/      =  length  of  lock,  over  all  =  400  ft.; 

m    =  guard  of  lock- walls  =  8  f t. ; 

w     =  width  of  lock-chamber  =  52  ft. ; 

k     =  width  of  lock  and  wing-wall  coping  =  4  f t. ; 

d     =  depth  of  water  over  miter-sills  =  4  and  6  ft. ; 

s     =  cost  per  square  foot  of  gate  =  $3.81; 

s'     =  cost  per  square  foot  of  valve  =  $15.59; 

A    =  area  of  lock-chamber  =  16  744  sq.  ft. ; 

I      =  360  seconds  of  time; 

c      =  0.635,  determined  from  experiments  at  Lock  No.  3,  Cooea 
River; 

k'    =  width  of  crest  of  dams  =  8  ft. ; 

/'     =  average  length  of  dams  =  800  ft. ; 

p     =  width  of  abutment  coping  =  4  ft. ; 

n     =  guard  of  abutment  =  14  ft. ; 

v     =  length  of  abutment  stem  =  10  ft. ; 

V     =  half  length  of  heavy  walls  at  fore-  and  tail-bays  =  140  ft.; 

V"  —  length  of  wing- walls  =  100  ft. ; 

e      =  depth  of  excavation  =  4  ft. ; 

g     =  acceleration  due  to  gravity  =32.2; 
Substituting  these  values  in  the  foregoing  equations,  and  making 
d  =  4,  we  get  for  4- ft.  navigation : 

0=  $12  116.00; 

Cost  of  excavation  =  $10  880  +  160a?; 

Cost  of  lock-walls  =  $22  234.07  +  2  509.62a;  +  70a?; 

Cost  of  wing-walls  =  $2  488.88  -f  259.26a?  -f  6.48r*; 

Cost  of  gates  =  $5  316.32  +  443.03a;; 

Cost  of  valves  =-  $569.19-/^ 

Cost  of  dam  =  $3  555.55  +  1  066.67.r  +  44.44**; 

Cost  of  guide  piers  =  9300a;; 

Cost  of  engineering,  inspection,  etc.,  =  $1  500a;; 

Cost  of  abutment  =  $1  403.85  +  145.78a;  +  4.69a?  +  0.0494** 
And  F  =  $57  994.67  +  569.19<v/a7-i-  6  384.36.*  +  125.61.r*  + 

0.0494a? (1) 

Again,  substituting  in  the  equations  the  values  of  the  letters,  and 
making  d  =  6,  we  get,  for  6-ft.  navigation : 

C  =  $12  116.00: 

Cost  of  excavation  =  $11  200  -f  160a;; 

Cost  of  lock- walls  =  $27  533.33  +  2  789.63a;  +  70a;*; 
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Cost  of  wing-walls  =  $3  033.33  +  285.19*  +  6.48a2; 

Cost  of  gates  =  $6  202.38+  443.03*; 

Cost  of  valves  =  $569.19-/*; 

Cost  of  dam  =  85  866.67  +  1  244.44*  +  44.44**; 

Cost  of  guide  piers  =  $300*; 

Cost  of  engineering,  inspection,  etc.,  =  $1  500*; 

Cost  of  abutment  =  $1  702.72  +  165.13*  +  4.99**  +  0.9494*3, 
And  Y=  $67  654.43  +  569.19-/*  +  6  887.42*  +  125.91**  + 

0.0494** (2) 

The  fall  from  the  upper  pool  at  Lock  No.  31  to  the  lower  pool  at 
Lock  No.  4  is  309  ft.     Let  the  number  of  locks  required,  with  any  lift, 

309 
*,  to  overcome  this  fall  =  N;  then  N  =  — ,  and  the  cost  of  the  im- 

* 

prpvement,  exclusive  of  levees  and  overflowed  lands,  the  cost  of  which 
is  at  present  unknown,  is  Y  x  N. 

Tables  Nos.  1  and  2  give  the  values  of  Fand  N>  and  the  total  cost 
of  the  improvement,  for  every  value  of  *,  increasing  by  increments  of 
1  ft.  from  5  to  30  ft.,  inclusive,  for  both  4-ft.  and  6ft.  navigation. 
The  curves  in  Fig.  5  show  graphically  the  costs  given  in  the  tables. 

TABLE  No.  1. — Values  op  Fand  N,  and  Total  Cost  op  the  Improve- 
ment FOR  EVERY  VALUE  OF  *,  INCREASING  BY  INCREMENTS  OF  1  FOOT 

prom  5  to  30  Feet. 

For  4-Foot  Navigation. 


x,  In  feet. 

Y. 

^ 

YXN. 
Costs  of  system. 

. 

5 

$94  834.88 
102  227.70 
110  362.94 
118  748.81 
127  871 .89 
186  247.81 
146  376.02 
164  751.92 
164  880.24 
174  260.68 
184  898.68 
194  77V.70 
205  419.54 
216  818.78 
227  462.59 
288  866.56 
250  526.10 
262  441.59 
274  618.44 
287  042.01 
299  727.74 
812  670.92 
825  872.06 
889  831.84 
858  049.16 
867  026.89 

61.8 

51.6 

44.1 

88.6 

84.8 

80.9 

28.1 

25.76 

28.77 

22.07 

20.6 

19.81 

18.17 

17.17 

16.27 

15.46 

14.7148 

14.06 

13.486 

12.87 

12.36 

11.88 

11.44 

11.04 

10.66 

10.80 

15  829  886 
5  264  727 
4  867  006 
4  588  512 
4868  786 
4  210  04* 
4085  038 
8984  862 
8  907  818 
8846  930 
8798  507 
8  761  196 
3  782  478 
8  714  108 
3  700  816 
8690  488 
8  686  816 
8687  304 
8689  482 
8  694  238 
8704  635 
8  714  631 
8727  976 
8  746  218 
3  759  974 
8  780  867 

6 

7 

8 

9 

10 

« 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

21 .5  f  L  economical  lift. 

$8  685  751.    JV=  14.37*1 

24 :::::.:.: 

26 

26 

27 

28 

29 

80 
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TABLE  No.  2. — Values  op  Y  and  Nt  and  Total  Cost  op  the  Imfbovk- 
ment  fob  eveby  value  of  x,  increasing  bt  increments  op  1  foot 
prom  5  to  30  Feet. 

For  6-Foot  Navigation. 


x,  in  feet. 

Y. 

N. 

YXN. 
Costs  of  system. 

5 

$106  518.21 
114  916.61 
128  568.84 
182  447.24 
141  688.61 
150  972.11 

•  160  604.71 
170  491.55 
180  680.51 
191  021.05 
201  666.68 
212  565.26 
228  718.11 
286  125.82 
246  788.80 
268  707.68 
270  882.41 
283  813.87 
206  002.25 
808  947.09 
822  151.58 
835  618.06 
849  888.21 
863  811.00 
377  649.04 
892  047.44 

61.8 

61.6 

44.1 

88.6 

84.3 

80.9 

28.1 

25.75 

28.77 

22.07 

20.6 

19.81 

18.17 

17.17 

16.27 

15.45 

14.71 

14.05 

13.4348 

12.875 

12.86 

11.88 

11.44 

11.04 

10.65 

10.80 

$6  582  825 
5  018  205 
5448  945 
5  112  468 
4  856  814 
4666048 
4  512  902 
4  800  157 
4208  587 
4  215KJ8 
4  154  884 
4  104  686 
4064  958 
4  087  110 
4  015  254 
8  997  081 
8  984  68U 
8  060  560 
8  978  781 
8977  706 
8  961  798 
3967  06a 
8006  872 
4  010  063 
4020  907 
4  088  069 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

SI 

22 

28 

28.2  ft.,  economical  lift. 

24 

$3  976  665,  JV  =  18.319. 

35 

26 

27 

28 

29 

80 

The  present  project  for  the  improvement  of  the  Coosa  River  con- 
templates the  building  of  twenty-seven  locks  and  dams,  from  .Lock 
No.  5  to  Lock  No.  31,  inclusive.  Lock  and  lock-house  No.  31  have 
been  completed,  but  the  dam,  gates,  valves,  etc.,  are  yet  to  be  built. 

Table  No.  3  gives  the  estimated  cost  of  the  improvement  under  the 
present  project;  the  cost  by  Equations  1  and  2  for  the  lifts  proposed 
in  the  present  project,  and  the  minimum  costs  by  Equations  1  and  % 
using  the  economical  lifts.  It  will  be  noticed  that  the  looks  and  dams 
provided  for  in  the  approved  project,  from  Nos.  5  to  30  inclusive, 
have  a  combined  lift  of  296  ft.,  leaving  13  ft.  fall  in  parts  of  the  river 
where  the  slope  is  gentle.  It  is  in  these  parts  that  $407  201  would  be 
expended  for  channel  work.  In  the  estimates  by  Equations  1  and  2 
it  is  proposed  to  back  the  water  from  one  lock  to  another,  and  locate 
all  locks  so  that  channel  work  would  be  eliminated.  The  difference 
in  cost  of  the  locks  of  the  present  project  and  the  costs  given  by 
Equations  1  and  2  for  the  same  lifts  is  due  to  the  substitution  of  con- 
crete for  cut-stone  masonry  in  the  latter,  thereby  reducing  greatly 
their  cost.  The  lock  masonry  and  lock-house  for  No.  31,  being 
finished,  are  omitted  from  the  estimates  of  costs  in  Table  No.  3. 
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Number 

of 

locks. 

Lift, 

in 
feet. 

Cost  (estimated) 

of  present 

project. 

Cost  (estimated) 
Equation  1. 

Cost  (estimated) 
Equation  2. 

4 

10 
7 
1 
3 

1 

8 
10 
12 
18 
14 
16 

$664  962 

1766  670 

1804  690 

191784 

696  602 

204  678 

$474  9?6 

1862  473 

1083  268 

164  880 

622  782 

184  898 

56  476* 

$629  789 

1609  721 

1198  441 

180  681 

678  066 

201667 

Total  cost  of  present  project. 

Dams,    abutments,  houses,  t 
etc (" 

Bams,  guide  piers,  valves,  i 
gates,  machinery,  inspec-  V 
tion,  Lock  No.  81. ) 

$4  709121 
767  267 

11802* 

68  270* 

Total  costs 

$6  477  680 

.    $8848742 
8  686  751 

$4  261566 

Minimum   costs   by   Equa- ) 
tions  1  and  2,   with  eco-  V 
nomfcal  lifts ) 

3  978  666 

*  Oates,  valves  and  maneuvering  machinery  of  Lock  No.  81. 

The  minimum  costs  given  by  Equations  1  and  2  must  be  increased 
by  the  cost  of  the  dam,  guide  piers,  etc.,  at  Lock  No.  31,  #56  476  and 
$63  270,  respectively.     These  minimum  costs  will  then  be: 

For  4-ft.  navigation  $3  742  227; 

For  6-ft.  navigation 4  039  935. 

The  substitution  of  the  economical  lifts,  21.5  ft.  and  23.2  ft.  for 
4-ft.  and  6-ft.  navigation,  respectively,  and  the  substitution  of  concrete 
for  cut-stone  masonry,  would  result  in  a  saving: 

For  4-ft.  navigation $1  735  453; 

For  6-ft.  navigation 1  437  745. 

But  the  present  project  includes  $407  201  for  channel  work,  which 
is  eliminated  from  the  proposed  economical  project;  therefore,  the 
total  saving  would  be: 

For  4-ft.  navigation $2  142  654; 

For  6-ft.  navigation 1  844  946. 

Comparing  the  costs  given  by  Equations  1  and  2,  using  the  lifts  of 
the  present  project,  with  the  costs  given  by  those  equations  using  the 
economical  lifts,  we  find  that  there  is  a  saving  from  the  use  of  the 
economical  lifts: 

For  4-ft.  navigation $106  515; 

For  6-ft.  navigation 211  650. 
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Assuming  that  a  lockage  requires  20  minutes,  there  would  result  a 
saving  in  time  over  the  time  required  for  lockages  under  the  present 
project: 

For  4-ft.  navigation  (26  —  16)  20  =  3  hours  40  minutes; 

For  6-ft.  navigation  (26  —  14)  20  =  4  hours. 

The  average  cost  of  operating  Locks  Nos.  1,  2  and  3  on  the  Coosi 
River,  for  ten  years  past,  has  been  for  each  lock : 

For  lock-master's  wages $600 

For  maintenance 1  000 

Total $1  600 

The  saving  on  this  item  would  be: 

For  4-ft.  navigation  (26  —  15)  1  600  =  317  600; 
For  6-ft.  navigation  (26  —  14)  1  600  =    19  200. 

Capitalizing  these  sums  at  3%,  there  would  result  from  this  reduc- 
tion of  locks  the  equivalent  of  a  permanent  investment: 

For  4-ft.  navigation $5£6  667. 

For  6-ft.  navigation 640  000. 

The  Government,  therefore,  could  spend  for  overflowed  lands  the 
sums  saved  by  the  adoption  of  the  economical  lift,  even  though  the 
saving  to  the  public  in  reduced  freight  rates,  due  to  decreased  lockages, 
were  not  considered.     These  sums  are  as  follows: 

For  4-ft.  navigation,  106  615  +  407  201  +  586  667  =  $1  100  383. 

For  6-ft.  navigation,  211  650  +  407  201  +  640  000  =     1  258  851. 

The  uneconomical  character  of  the  present  project  is  so  apparent, 
from  what  has  gone  before,  that  in  the  further  discussion  of  the  sub- 
ject it  will  not  be  considered.  It  should  be  stated,  however,  that  the 
present  project  is  designed  to  have  6  ft.  of  water  over  the  miter-sills 
of  the  locks  and  4  ft.  in  the  river  channel. 

Water  Poicers. — It  has  not  been  the  policy  of  the  Government, 
heretofore,  to  utilize  for  commercial  purposes  the  power  developed  at 
dams  built  for  purposes  of  navigation;  but  the  increasing  use  of  elec- 
trical transmission  of  power,  and  the  facility  with  which  such  trans- 
missi'on  can  be  operated  over  long  distances  to  places  where  the  power 
can  be  used  economically,  will  probably  necessitate  an  early  change 
in  this  policy.     In  view  of  these  changed  conditions,  it  will  be  well  to 
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consider  here  the  effect  which  a  judicious  use  of  the  power  developed 
at  the  dams  on  this  river  would  have  upon  the  improvement  from  an 
economic  point  of  view. 

The  low- water  discharge  of  the  Coosa  River  has  been  estimated 
variously  at  from  1  500  to  5  000  cu.  ft.  per  second.  Assuming  the  dis- 
charge at  2  000  cu.  ft.  per  second,  there  could  be  developed  at  each 
dam: 

With  dams  for  4-ft.  navigation  (21.5  ft.) ... .     4  887  H.-P. 
With  dams  for  6-ft.  navigation  (23.2  ft.) ... .     5  273  H.-P. 

Allowing  b0%  for  losses  and  the  maintenance  of  navigation,  there 
would  remain  for  commercial  purposes: 

With  dams  for  4-ft.  navigation 2  443  H.-P. 

With  dams  for  6-ft.  navigation 2  636  H.-P. 

Assuming  that  the  fall  at  the  dams  will  disappear  when  the  river 
below  each  dam  rises  to  twice  its  height,  which  is  approximately  true, 
then,  to  overcome  all  fall  at  the  dams,  it  would  require : 
With  dams  for  4-ft.  navigation,  a  rise  of  43  ft. 
With  dams  for  6-ft.  navigation,  a  rise  of  46.4  ft. 

Such  rises  on  that  part  of  the  Coosa  River  under  consideration  are 
unknown. 

The  average  yearly  maximum  rise  at  Lock  No.  4  is  20  ft.  Such  a 
rue  would  leave  a  head  as  follows : 

On  dams  for  4-ft.  navigation,  11.5  ft. 

On  dams  for  6-ft.  navigation,  13.2  ft. 

By  providing  additional  water-wheels,  the  low-water  power  at  each 
dam  could  be  maintained. 

The  rentals  of  water-powers  in  the  United  States  range  from  $5  to 
$45  per  horse-power  per  year.  Neglecting  the  fractional  dams,  and 
assuming  that  the  Government  leased  or  rented  the  power  at  all  the 
others  for  the  reasonable  sum  of  $5  per  horse-power  per  year,  the  in- 
come from  this  source  would  amount  to : 

From  dams  for  4-ft.  navigation $171  010; 

From  dams  for  6-ft.  navigation 171  340. 

Capitalized  at  3%,  these  sums  would  pay  interest: 

From  rental  of  power  at  dams  for  4-ft.  navigation,  on  85  700  333; 
From  rental  of  power  at  dams  for  6-ft.  navigation,  on  $5  711  333. 
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In  other  words,  the  Government  could,  from  this  source,  pay  inter- 
est on  the  improvement;  pay  operating  and  maintenance  expenses; 
and  have  remaining  a  sum  sufficient  to  pay  interest: 

With  4-ft.  navigation,  on  5  700  333: 

(  3  742  227  +  ^^~)  =  *1  158  106; 
With  6ft.  navigation,  on  5  711  333: 

(  4  039  935  +  ^JjJ°)  =  $924  731. 

These  sums  could  be  used  in  the  erection  of  power  plants  at  the 
dams  or  for  other  purposes. 

It  is  not  probable  that  the  Government  could  rent  the  power  at 
all  the  dams;  but  it  is  reasonable  to  assume  that  enough  could  be 
rented  to  pay  operating  and  maintenance  expenses  and  interest  on  the 
cost  of  the  improvement. 

The  Alabama  River. — The  distance  from  Wetumpka  to  the  mouth  of 
the  Coosa  is  about  14  miles;  but  as  this  part  of  the  river  is  of  the  same 
character  as  the  Alabama,  for  the  purposes  of  this  paper,  it  will  be 
treated  as  fart  of  that  river. 

The  distance  from  Wetumpka  to  the  mouth  of  the  Alabama  is  332.5 
miles;  the  fall  is  105  ft. 

The  banks  of  the  Alabama  are  low,  and  the  bottom  lands  on  either 
side  extend  back  5  to  10  miles  from  the  river.  Like  the  Mississippi, 
the  Alabama  has  banks  that  are  caving  constantly,  and  a  bottom  ever 
on  the  move;  and  unless  movable  dams  were  used,  the  pools  would 
soon  nil,  leaving  the  river  in  worse  condition  than  now,  for  constant 
dredging  between  locks  would  be  necessary  to  maintain  a  channel,  li 
dredging  will  have  to  be  resorted  to  finally,  then  the  construction  of 
locks  and  dams,  leaving  out  of  consideration  the  danger  to  adjoining 
lowlands,  would  be  more  than  a  useless  expense,  and,  therefore,  the 
problem  of  improving  this  river  resolves  itself  into  a  question  of  main- 
taining a  low-water  channel  of  the  required  depth  by  means  of  dredg- 
ing. 

The  question  of  works  of  contraction  is  not  considered,  for  ex- 
perience on  this  and  other  rivers  of  the  same  character  has  been  that 
such  works  merely  move  the  obstructions,  which  they  are  intended  to 
overcome,  further  down  stream,  and,  that,  to  make  such  works 
effective,  they  would  have  to  be  built  in  such  manner  and  places  as  to 
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give  the  river,  as  a  whole,  a  uniform  slope  and  cross-section.     The 
cost  and  maintenance  of  such  a  system  would  be  prohibitive. 

Unfortunately,  no  data  exist  upon  which  an  accurate  estimate  of 
the  improvement  of  the  Alabama  River  can  be  based ;  but  the  writer 
believes,  from  his  personal  knowledge  of  this  stream,  that  the  esti- 
mates for  dredging  that  follow  are  sufficient  to  maintain  the  chan- 
nels proposed. 

The  following  is  an  estimate  of  the  annual  cost  of  operation  of  one 
dredging  plant: 

One  dipper  dredge  of  1J  cu.  yds.  dipper  capacity.     $15  000 

Three  dump  scows 9  000 

One  steam  tender 15  000 

Total $39  000 

Assuming  renewals  every  15  years: 

Cost  per  year  for  plant $2  600 

Repairs 300 

Crew  of  dredge,  6  months 1  710 

Subsistence,  6  months 600 

Fuel  for  dredge,  6  months 500 

Oil,  waste,  etc.,  6  months 130 

Tender  crew,  6  months 1  830 

Fuel  for  tender,  6  months 500 

Subsistence,  6  months ' 600 

Repairs,  6  months 200 

Oil,  waste,  etc.,  6  months 130 

Two  watchmen,  6  months 360 

Contingencies,  10^ 960 

Total §10  420 

Assuming  that  six  such  dredging  plants  would  maintain  a  4-ft. 
channel  and  eight  plants  a  6-ft.  channel,  the  cost  per  year  would  be: 

For  4-ft.  navigation §62  520; 

For  6-ft.  navigation 83  360. 

Capitalized  at  Z%,  these  sums  would  be  interest  charges  on 
permanent  investments: 

For  4-ft.  navigation §2  084  000; 

For  6  ft.  navigation  \  . .    2  778  667. 
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The  total  economical  cost  for  the  improvement  of  this  system  of 
rivers  would  therefore  be: 
For  4-ft.  navigation : 

Improving  the  Coosa  River $3  742  227 

Improving  the  Alabama  River,  annual  cost  cap- 
italized at  3% 2  084  000 

Operation  and  maintenance    of    locks,   Coosa 

River,  capitalized  at  S% 800  000 


Total $6  626  227 

Deduct  rental  of  power,  capitalized  at  Z% 5  700  333 


Cost  to  the  United  States $925  894 

For  6-f t.  navigation : 

Improving  the  Coosa  River $4  039  935 

Improving  the  Alabama  River,  annual  cost  cap- 
italized at  S% 2  778  667 

Operation  and  maintenance  of    locks,   Coosa 

River,  capitalized  at  'S% 746  667 


Total $7  565  269 

Deduct  rental  of  power,  capitalized  at  3% 5  711  333 


Cost  to  the  United  States $1  853  936 

Almost  exactly  twice  the  cost  of  the  improvement  for  4-ft.  navigation. 
But  there  is  another  factor  entering  into  the  problem :  The  freight 
rate.  As  coal  will  probably  be  the  principal  freight  carried  on  this 
system  of  rivers,  it  is  taken  as  the  basis  of  comparison.  The  locks,  as 
designed,  will  take  at  one  lockage  three  barges  and  one  towbott. 
This  fleet  is  the  basis  of  the  following  estimate: 

Cost  of  steamboat per  year 

Cost  of  barges "        

Repairs "  .... 

Interest  on  first  cost  at  ±% . . .  "        

Insurance  at  §  of  1% "       

Taxes "       

Two  Masters "       

Two  Engineers "       

Two  Firemen "       

Six  Men "        

Subsistence "       

Fuel "       

Supplies  . .  .• "  .... 


For  4-ft. 
channel. 

For  ML 

9667.67 

$800.1* 

500.00 

600  00 

300.00 

325  (■) 

700.00 

840.00 

75.00 

93.75 

187.50 

225.0' 

1680.00 

1680.00 

1200.00 

1  200.00 

960.00 

960.0" 

2  160.00 

2  160  00 

1200.00 

1200.00 

1000.00 

1200.HO 

200.00 

200.  W 

$10  830.17     $11483.75 
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Cost  per  trip,  thirty  trips  per  year $361 .  00         $382 .  79 

Capacity  of  fleet 848  tons      1396  tons 

Cost  per  ton  of  freight $0,426  $0,274 

Now,  the  value  of  any  improvement  is  inversely  as  the  first  cost, 
the  capitalized  cost  of  operation  and  maintenance,  the  cost  per  ton 
freight  rate;  and  directly  as  the  capitalized  investment  resulting  from 
the  rental  of  power  developed  at  the  dams.  Applying  this  rule  to 
the  present  discussion,  we  have: 

5  700  333 
ForthevalueofA-ft.navigationF742-w-^^-(WOx-8000()0x0426 

For  the  valae  of  6-ft.  navigation  4  ^9935  +  2  Wtif*  746  667X  6.^74 

dividing  the  second  equation  by  the  first,  we  find  that  the  value  of 
4- ft.  navigation  is  to  the  value  of  6-ft.  navigation  as  1  to  1.4621. 

The  tendency,  in  the  United .  States,  is  to  increase  the  navigable 
depth  in  rivers  under  improvement.  Upon  the  system  of  rivers  under 
discussion,  at  least,  this  is  good  practice,  both  from  the  point  of  view 
of  the  carrier  and  as  an  economic  proposition.  There  is,  unquestion- 
ably, an  economic  depth,  just  as  there  is  an  economic  lift,  but  this 
paper  cannot  go  further  into  a  discussion  of  that  phase  of  the 
problem. 

In  the  final  location  of  the  looks  on  the  Coosa  River,  it  will  be 
impossible,  of  course,  to  adhere  to  the  economic  lift  indicated,  but  it 
will  be  possible  to  approach  it,  and  the  nearer  the  approach  the  more 
economical  the  improvement. 

The  writer  has  had  access  to  excellent  maps  and  profiles  of  the  part 
of  the  Coosa  River  under  consideration.  The  maps,  however,  do  not 
show  the  topography  of  the  adjacent  country,  and,  therefore,  it  has 
been  impossible  to  estimate  the  cost  for  levees  and  overflowed  lands; 
but,  as  before  stated  in  this  paper,  the  banks  are  high,  and  in  many 
places  precipitous,  and  these  costs  would  be  comparatively  small. 
This  part  of  the  Coosa  is  an  ideal  stream  for  locks  and  dams  of  high 
lift. 

The  writer  knows  of  no  good  map  of  the  Alabama  River,  and,  as 
far  as  his  knowledge  goes,  there  is  no  profile  in  existence.  The  esti- 
mates for  that  river  are  made  from  his  personal  knowledge  of  the 
stream,  and  are  believed  to  be  safe. 
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The  writer's  investigations  have  led  him  to  the  following  general 
conclusions  concerning  the  improvement  of  rivers  in  the  United  States: 

All  streams,  east  of  the  Mississippi  at  least,  and  generally  those 
west  of  that  river,  may  be  classified  under  two  heads,  which,  for  want 
of  better  names,  will  be  called  torrential  and  alluvial. 

Torrential  streams  are  those  pouring  down  from  the  mountains 
and  plateaus,  and  emptying  generally  into  alluvial  streams.  They 
can  only  be  opened  to  navigation  by  means  of  locks  and  dams. 

Alluvial  streams  are  those  flowing  through  the  coastal  plain,  and 
are  always  continuations  of  torrential  streams.  Except  when  the  flow 
is  insufficient  to  maintain  the  required  navigable  depth,  alluvial 
streams  should  never  be  improved  by  means  of  locks  and  dams,  for, 
with  their  caving  banks  and  moving  bottoms,  the  pools  would  soon 
fill,  and  constant  dredging  would  be  required  to  keep  them  open  to 
navigation.  Movable  dams  would  remove  this  objection,  but,  with 
the  present  navigation  on  our  rivers,. their  cost  is  prohibitive. 

The  use  of  isolated  works  of  contraction  on  alluvial  streams  is  a 
mere  expedient,  for  their  only  effect  is  to  move  the  obstruction  further 
down  stream.  Of  course,  other  contraction  works  could  be  built, 
until  the  obstruction  was  removed  to  the  mouth  of  the  river.  Such 
extensive  works  of  regulation  would  result  .in  giving  the,  stream  a 
uniform  slope  and  cross-section,  and  are  an  excellent  method  of  im- 
provement, except  as  to  the  cost,  which  would  be  enormous. 

Finally,  there  is  left  the  method  of  maintaining  a  temporary  chan- 
nel, during  periods  of  low  water,  by  dredging.  This  is  the  cheapest, 
and,  with  the  present  traffic  on  our  rivers,  is  the  one  that  should  be 
used. 

Our  larger  problems  of  river  improvement  embrace  the  study  of 
the  regulation  of  both  torrential  and  alluvial  streams  in  one  and  the 
same  project.  Every  such  system  should  be  treated  as  a  whole.  It  is 
as  bad  practice  to  have  one  part  of  a  system  improved  for  one  depth 
of  navigation  and  another  for  a  different  depth  as  it  would  be  to  have 
different  gauges  in  the  same  system  of  railroads. 

The  time  has  come  when  the  power  developed  by  dams  built  for 
purposes  of  navigation  should  be  used  in  the  industrial  development 
of  the  country.  This  being  true,  why  should  not  the  public  at  large, 
as  represented  by  the  Government,  reap  some  of  the  benefits? 
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A  HIGH-VOLTAGE  POWER  TRANSMISSION. 
Discussion.* 


By  Messrs.  F.  O.  Blacxwell,  P.  H.  Thomas,  W.  B.  Potter,  J.  R. 
McKke  and  M.  H.  Gerry,  Jr. 


F.  O.  Blackwell,  Esq. — There  are  some  features  of  electric  power  Mr.  BlackweiL 
transmission  which  may  be  of  interest.  The  first  is  that  it  is  practi- 
cally independent  of  distance.  If  a  potential  is  used  which  is  pro- 
portional to  the  distance,  any  distance  can  be  reached.  It  does  not 
matter  much  whether  the  power  is  carried  across  the  room,  or  whether 
it  is  carried  100  miles— the  same  quantity  of  copper  per  horse-power  is 
required  for  the  same  efficiency. 

Having  this  independence  of  distance,  the  generation  of  power  can 
be  concentrated  from  several  different  places  in  one  power-plant,  for 
instance,  from  Helena  and  Butte,  as  has  been  done  in  this  particular 
instance.  The  reverse  can  also  be  done;  that  is,  the  power  can  be 
brought  from  many  different  points  and  delivered  to  one  place  to  be 
used. 

Butte  is  also  a  good  example  of  this.  They  have,  at  a  water-fall 
near  Butte,  three  electric  power  transmission  plants,  in  addition  to  a 
3  000H.-P.  steam-driven  electric  plant  in  the  City  of  Butte.  They 
bring  5  000  H.-P.  60  miles  from  the  Missouri  River,  2  000  H.-P.  67 
miles  from  the  Madison  River,  and  2  000  H.-P.  20  miles  from  the  Big 

*  This  discussion  (of  the  paper  by  M.  H.  Gerry,  Jr.,  Assoc.  M.  Am.  Soc.  C.  E.,  printed 
In  Proceedings  for  January,  1908),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  May  28d,  1006,  will  be  published 
subsequently. 
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Mr.  Blackwell.  Hole  River,  into  the  city.  Three  of  the  plants  are  working  together, 
as  if  the  generators  were  all  in  the  same  building,  notwithstanding 
their  great  distance  apart. 

In  some  parts  of  the  country  they  have  as  many  as  seven  or  eight 
steam-  and  water-power  electric  stations,  perhaps  50  or  100  miles  apart, 
all  feeding  into  the  same  distribution  system  and  working  in  unison 
like  one  plant.  Power,  to-day,  is  being  delivered  commercially  to 
San  Francisco  and  the  neighboring  cities  from  two  water-powers  150 
miles  away.  Temporarily,  power  has  been  transmitted  220  miles,  by 
connecting  the  two  transmission  systems  referred  to. 

Another  characteristic  of  electric  power  transmission  which  is  im- 
portant is  the  high  efficiency  obtained  regularly  from  electrical 
apparatus.  If  80  or  90%  efficiency  is  obtained  from  a  steam-engine  or 
a  water-wheel  it  is  a  remarkably  good  result,  but,  in  a  large  electric 
generator,  as  high  as  91%  can  be  obtained,  and  transformers  changing 
from  one  potential  to  another  have  given  more  than  98%  efficiency. 

The  efficiency  of  the  power  transmission  is  entirely  a  matter  of  how 
much  copper  is  put  in  the  trans missiqn  circuit,  but  it  is  seldom  that 
more  than  10%  is  lost  in  conductors,  even  with  the  long-distance  trans- 
missions already  referred  to. 

Mr.  Gerry  does  not  mention  the  efficiencies  of  his  apparatus  and 
transmission,  but  Mr.  Thomas  is  very  familiar  with  the  Missouri 
River  plant,  and  has  made  many  tests  upon  it.  It  would  be  interesting 
to  hear  from  him  as  to  the  results  of  his  experiments,  and  particularly 
as  to  the  efficiency  of  the  transmission  to  Butte. 
Mr.  Thomas.  Percy  H.  Thomas,  Esq.  —The  speaker  has  spent  some  time  at  the 
plant  of  the  Missouri  River  Power  Company,  but,  as  he  has  not  been 
connected  with  the  company  officially,  he  is  not  ablei-o  speak  author- 
itatively of  what  has  been  done  there.  A  few  interesting  points,  how- 
ever, might  well  be  mentioned. 

The  speaker  has  not  seen  the  figures  giving  the  efficiency  of  the 
plant  as  a  whole,  but,  for  purposes  of  comparison,  it  can  be  imagined 
that  power  is  transmitted  from  Canyon  Ferry  to  Butte  with  as  little 
loss  as  witn  a  fair  belt  transmission  of  15  or  20  ft. 

Mr.  Gerry  has  stated  that,  as  far  as  he  knows,  this  line  has  the 
highest  voltage  in  commercial  operation,  and,  probably,  he  is  correct, 
though  another  plant  which  will  use  the  same  voltage  is  being  installed 
and  is  about  to  be  run. 

This  Canyon  Ferry  plant  is  remarkable  in  a  number  of  ways:  It 
is  remarkable  as  to  the  country  through  which  the  transmission  line 
passes;  it  not  only  crosses  three  mountain  ranges,  but  one  of  these  is 
the  Continental  divide — however,  it  is  not  the  only  line  which  crosses 
that  divide.  It  is  subject  to  very  great  changes  of  climate  and  tern* 
perature,  and  passes  through  extreme  ranges  of  altitude.  Light- 
ning, in  certain  parts  of  the  country  traversed,  is  very  severe,  and  Mr. 
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Gerry  says  he  has  noticed,  near  Helena,  that  the  lightning — sometimes  Mr.  Thomas, 
very  severe  discharges — generally  comes  out  of  a  clear  sky.     The  rain 
folio wb,  bat  by  that  time  the  danger  is  over.     At  this  plant  there  is 
great  difficulty  in  getting  intelligent  electrical  men  of  the  various 
grades,  as  they  are  not  very  plentiful  in  that  part  of  the  country. 

In  spite  of  all  these  difficulties,  and  many  others,  Mr.  Gerry  has 
succeeded  very  well.  On  March  7th,  1903,  the  plant  will  have  com- 
pleted a  year's  commercial  operation.  The  Continuity  of  service 
seems  to  have  been  very  satisfactory,  though  the  load  handled,  viz., 
large  motors,  is  of  a  type  which  is  generally  considered  very  difficult. 
The  work  in  Butte  has  been  the  running  of  compressors,  pumps,  con- 
centrators, etc.     The  street  railroad  is  run  by  another  plant. 

The  following  is  a  feature  which,  perhaps,  is  somewhat  interesting 
to  civil  as  well  as  electrical  engineers.  Consider  one  of  these  70-mile 
transmission  lines  charged  up  to  the  pressure  of  60  000  volts;  the  en- 
ergy stored  therein,  or  that  required  to  bring  it  to  this  condition,  is 
about  equal  to  1  B.  T.  U.  It  seems  remarkable  that  such  a  long  line 
can  be  charged  with  so  small  an  amount  of  energy  and  to  such  a  high 
potential.  Not  only  is  this  true,  but  it  is  also  found,  in  practical 
service  on  such  circuits,  that  the  charging  and  discharging  of  this  small 
amount  of  energy  in  some  unexpected  direction,  as  by  accidental 
short  circuits,  cause  some  of  the  greater  difficulties  of  operation. 

During  the  summer  of  1902  Mr.  Gerry  and  the  speaker  made  a 
number  of  tests  on  this  plant,  trying  to  determine  some  of  the  result- 
tan  t  b trains  on  the  apparatus  caused  by  a  discharge  of  this  British 
thermal  unit  in  an  unexpected  direction,  for  instance,  such  an  action 
as  might  be  brought  about  by  a  tree  falling  across  the  wire. 

Mr.  Gerry  almost  has  the  record  for  continuous  service  on  a  trans- 
mission line  at  his  Helena  12  000- volt  plant.  At  no  time  during  24  or 
26  months  was  the  potential  off  the  bus-bars  at  the  substation  in  East 
Helena.  That  is  a  record  which  is  difficult  to  equal  in  almost  any 
kind  of  power  work. 

The  question  as  to  the  possible  effect  of  such  a  transmission  line 
as  this  on  long-distance  telephone  transmission  is  interesting.  The 
telephone  and  high-tension  lines  are  parallel  for  a  number  of  miles. 
The  power  lines  are  78  ins.  apart  and  the  telephone  line,  which  is 
placed  upon  one  of  the  two  pole  lines,  is  not  much  more  than  that 
distance  from  the  lowest  wires,  but  is  pretty  well  up  on  the  pole. 
Before  Mr.  Gerry  started  to  operate  his  plant  the  man  in  charge  of  the 
long-distance  telephone  system  feared  that  the  high  voltage  would 
interfere  with  his  work,  and  made  a  particular  request  that  he  be 
notified  before  the  plant  was  started.  By  some  oversight  the  plant 
was  started  without  notifying  him,  and  had  been  running  for  two  weeks 
before  he  discovered  it.  Thus  it  can  be  considered  that  there  is  no 
very  great  danger — at  least  during  normal  operation — from  the  paral- 
lelism of  such  lines. 
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Mr.  Thomas.  Mr.  Gerry  has  introduced  one  important  feature  in  the  construction 
of  his  pole  line  which  may  or  may  not  be  new.  In  running  bis  wires 
over  the  country,  he  did  not  follow  the  slopes  of  the  land  in  detail, 
but  put  in  short  and  tall  poles  in  such  a  way  that  the  wires  run  on 
smooth  grades  and  thus  strains  on  the  insulators  and  pins  are  avoided. 
In  going  over  a  summit  he  rounded  off  the  top  so  that  the  highest  pole 
carries  no  excessive  weight. 
Mr.  Potter.  W.  B.  Potter,  Esq. — How  best  to  secure  a  maximum  result  with  a 
minimum  expenditure  is  an  ever-present  problem  with  the  engineer. 
For  short  distances  the  economy  of  electrical  transmission  is  limited 
by  the  mechanical  strength  of  the  transmission  lines  necessary  for 
reliability ;  and  a  high  economy  of  transmission  can  usually  be  secured 
at  relatively  low  voltages.  Over  long  distances  the  size  of  the  wire 
may  still  be  that  necessary  for  mechanical  strength,  provided  the  volt- 
age is  increased  correspondingly. 

The  installation  described  by  Mr.  Gerry  is  of  particular  interest  as 
showing  what  can  be  accomplished  at  50  000  volts,  and  the  details  and 
precautions  taken  to  insure  against  accidental  grounding  of  the  trans- 
mission circuit.  The  speaker  has  been  much  interested  and  pleased 
to  hear,  through  Mr.  Thomas,  of  the  reliability  and  efficiency  of  the 
.service  given.  It  is  creditable  to  Mr.  Gerry  and  the  designing  engin- 
eers of  the  power-station  and  substation  apparatus  that  these  result* 
have  been  secured  at  what  but  a  few  years  ago  would  have  been  con- 
sidered an  impracticable  voltage. 

Mr.  Thomas  has  informed  the  speaker  that,  as  far  as  he  knows,  the 
78  ins.  between  transmission  lines  has  proved  ample  to  protect  them 
against  an  arc  being  maintained  in  the  event  of  its  being  established 
accidentally. 

At  one  time  it  was  considered  that  about  1  in.  per  thousand  volts 
would  be  sufficient,  but  assuming,  for  mechanical  reasons,  a  minimum 
distance  of  18  ins.,  recent  practice  indicates  that  about  1£  ins.  per 
thousand  volts  should  be  allowed,  principally  on  account  of  the 
possibility  of  an  arc  being  maintained  between  the  wires  in  case  it 
should  be  established  accidentally.  The  speaker  knows  of  several 
instances  where  the  ubiquitous  boy  has  derived  much  pleasure,  and  a 
display  of  lireworks,  by  throwing  a  wire  across  the  lines.  The  arc 
thus  established  would  be  maintained  and  travel  a  considerable  dis- 
tance in  the  direction  of  the  wind  before  being  extinguished.  The 
speaker  believes  it  is  a  matter  of  record  that,  in  one  of  the  western 
systems,  the  transmission  line  was  short-circuited,  and  the  power- 
station  shut  down,  on  account  of  two  large  birds  alighting  on  adjacent 
wires  and  endeavoring  to  communicate.  They  succeeded  in  estab- 
lishing the  connection,  to  their  own  undoing.  It  is  perhaps  a  point 
worthy  of  consideration  to  take  due  account  of  the  dimensions  of  the 
birds  in  the  territory  through  which  the  lines  may  pass,  and  this  sug- 
gestion is  not  necessarily  confined  to  our  western  States. 
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Mr.  Gerry  mentions  that  the  high- potential  wiring  within  the  Mr.  Potter, 
stations  is  rubber  covered,  although  the  insulators  on  which  it  is 
mounted  are  evidently  the  main  reliance  for  insulation.  As  the 
rubber  covering  on  the  wire  can  hardly  be  considered  a  protection, 
would  it  not  be  safer  to  run  the  wires  through  brick  or  cement  com- 
partments, in  which  event  the  wires  could  be  left  bare  and  thus  lessen 
the  quantity  of  inflammable  material? 

The  term  "  load  factor  "  has  been  mentioned  several  times,  and  it 
has  been  the  speaker's  experience  that  the  exact  meaning  of  this  term 
is  sometimes  misunderstood.  Many  power-stations  have  reserve 
apparatus,  which  is  not  operated  during  the  24  hours,  and  he  has 
found  that  there  is  a  difference  of  understanding  as  to  whether  load 
factor  is  the  percentage  of  average  load  to  the  machines  in  operation 
for  the  actual  time  they  may  have  been  running,  or  to  the  installed 
apparatus.  The  former  is  the  usual  and  proper  definition,  and  the 
speaker  would  suggest  the  term  " station  factor"  to  represent  the 
average  output,  in  percentage,  of  the  total  capacity  of  the  apparatus 
installed. 

The  transmission  of  electrical  energy  is  the  solution  and  problem 
of  electric  power  for  the  movement  of  traffic.  The  location  of  water- 
powers  and  the  economy  of  steam-power  necessitates  generating  power 
in  large  quantity  and  distributing  it  to  the  points  of  application. 
Instead  of  direct-current  power-stations,  10  miles  apart,  and  operating 
at  a  low  load  factor,  alternating  power-stations  are  now  being  built 
which  transmit  at  high  potential  to  substations  10  miles  apart,  more 
or  less.  Depending  upon  the  character  of  service,  the  range  covered 
by  a  given  potential  will  vary  from  1  to  2  miles  per  thousand  volts; 
that  is,  if  the  service  were  subdivided  and  the  cars  of  medium  size,  a 
50  000-volt  transmission,  with  the  power-station  located  in  the  middle, 
would  operate  economically  a  railway  200  miles  long,  the  limitation,  of 
course,  being  the  power  required  by  the  most  distant  substations. 

The  speaker  believes  that  an  unprecedented  development  in  the 
railway  field  may  be  looked  forward  to  during  the  next  five  years;  and 
the  problem  of  "  high-voltage  power  transmission  "  will  be  one  of  the 
most  interesting  with  which  the  engineer  will  have  to  deal. 

J.  R.  McKee,  Esq.— The  speaker  has  the  good  fortune  to  belong  to  Mr.  McKml 
the  same  department  in  an  electric  company  as  that  with  which  Mr. 
Black  well  is  identified,  and  for  all  engineering  questions  has  been  in 
the  habit  of  looking  up  to  him. 

The  question:  Can  you  transmit  power  electrically  over  very  long 
distances?  has  been  asked  very  frequently.  It  is  only  a  very  few  years 
ago  that  doubt  was  expressed  as  to  whether  power  could  be  trans- 
mitted economically  over  what  are  to-day  such  comparatively  short 
distances  as  10  or  20  miles. 

The  limitation  to-day,  in  the  handling  of  electricity  for  the  transmis- 
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Mr.  McKee.  sion  of  power,  is  more  of  a  mechanical  than  an  electrical  problem,  and 
is  confined  largely  to  securing  an  insulator  capable  of  withstanding 
the  very  high  voltage  necessary  for  economical,  or,  in  other  words, 
commercial,  transmission  over  great  distances,  such  as  anywhere  from 
100  to  500  miles. 

One  particularly  interesting  feature  in  this  plant  is  the  use  of  a 
glass  insulator  for  a  62-mile  transmission  over  a  wire  carrying  current 
at  40  000  volts.  The  speaker  thinks  there  are  but  two  plants  in  the 
United  States  where  dependence  is  placed  upon  glass  insulators  for 
high  voltage.  One  is  at  Provo,  Utah,  where,  at  times,  a  line  has  been 
coupled  up  for  130  miles,  and  where  a  voltage  as  high  as  50  000  was  used 
experimentally,  although  the  normal  operative  voltage  is  about  40  000. 
The  second  plant  transmits  at  40  000  volts,  62  miles,  from  the  Madi- 
son River  to  Butte,  Mont. 

Originally,  the  question  of  carrying  current  over  long  distances 
was  largely  dependent  on  the  possibility  of  securing  a  transformer 
which  would  withstand  a  high  voltage.  Only  a  few  years  ago— say 
five  or  six,  without  stating  it  at  all  definitely — the  electric  companies 
did  not  care  to  undertake  anything  higher  than  20  000  volts,  and  then 
their  guaranty  was  that  if  they  did  not  at  first  succeed,  they  would  not 
stand  for  damages,  but  would  try  again.  To-day,  transformers  are 
constructed  and  have  been  put  into  operation  for  as  high  as  100  000 
volts,  and,  no  doubt,  as  the  art  progresses,  even  higher  potentials  will 
be  handled  safely. 

The  attention  of  those  who  are  interested  in  hydraulic  work  should 
be  directed  to  the  excessive  cost  which,  unfortunately,  is  shown  by  so 
many  of  the  first  transmission  plants,  and  which,  in  nearly  every  case, 
has  been  due  to  a  misunderstanding  of  the  hydraulic  features. 

The  installation  of  water-wheels  connected  directly  to  the  genera- 
tors seemed  to  call  for  different  methods  or  rules  of  calculation,  as 
against  those  used  in  ordinary  mill  plants,  where  the  load  is  not  as 
variable  and  where  the  necessity  for  close  regulation  is  not  as  great. 
The  result  has  been  that  many  of  the  earlier  hydraulic  plants,  installed 
for  the  generation  of  electricity  for  transmission,  have  had  to  be  over- 
hauled, and,  naturally,  at  very  great  expense,  both  as  to  actual  ex- 
penditure and  loss  of  time. 

In  one  prominent  plant  the  power-house  is  one  of  the  most  substan- 
tial granite  structures  to  be  found  anywhere,  and  the  hydraulic  part 
of  the  entire  plant  cost  nearly  $500  000,  but  recently  it  has  had  to  be 
altered,  at  a  cost  of  not  less  than  $100  000,  because  the  water  could  not 
reach  the  wheels  freely  enough  to  take  care  of  the  varying  load  on  the 
generators  with  sufficient  promptness  to  give  the  necessary  regula- 
tion. 

In  still  another  plant,  costing  more  than  $300  000  for  the  power- 
house, more  than  $75  000  has  been  spent  in  trying  to  get  the  water  to 
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the  wheels  more  freely,  the  trouble  being  that  the  wheel-chamber  was  Mr.  McKee. 
too  small  and  the  draft  tubes  not  quite  liberal  enough  in  capacity  to 
provide  and  carry  away  the  water,  respectively,  when  there  was  a 
sudden  and  large  variation  in  the  load,  and  to  do  it  promptly  enough 
to  insure  the  regulation  which  is  necessary  in  an  electric  plant. 

Comparatively  few  people  realize  the  extent  to  which  water-powers 
are  being  depended  upon  to  solve  the  question  of  cheap  power,  and 
also  the  rapid  increase  in  the  number  of  plants  of  this  character.  A 
very  interesting  installation  is  that  at  Salt  Lake  City,  where,  starting 
with  a  small  transmission  plant  about  15  miles  from  Salt  Lake  City, 
they  afterward  put  in  a  second  plant,  near  Ogden,  carrying  the  water 
through  a  6-mile  pipe  line  to  the  power-house  and  transmitting  it 
35  miles  to  Salt  Lake  City  at  30  000  volts,  an  accomplishment  which 
at  that  time  (about  six  years  ago)  was  considered  very  little  short  of  won- 
derful. Both  transmission  plants  are  operated  in  synchronism  with 
the  steam  station  located  at  Salt  Lake  City. 

At  Butte,  Montana,  a  plant  installed  on  the  Madison  Biver,  62 
miles  distant,  is  transmitting  over  a  line  of  aluminum  wires  at  40  000 
volts,  and  delivering  current  to  the  bus-bars  of  the  Butte  Lighting 
Company  in  synchronism  with  current  brought  over  another  line  of  21 
miles  from  a  water-power  on  the  Big  Hole  Biver,  and  also  with  cur- 
rent generated  in  a  steam  plant  in  Butte. 

The  street  railway  and  lighting  system  of  the  Cities  of  Seattle  and 
Tacoma  are  operated  largely  by  current  brought  42  miles,  over  an 
aluminum  wire,  from  a  water-power  on  the  Snoqualmie  Biver.  An 
additional  water-power  plant,  located  about  30  miles  distant,  is  now 
being  installed,  in  which  15  000  H.-P.  will  be  generated  for  trans- 
mission to  the  same  market.  A  third  plant,  of  not  less  than  20  000 
H.-P.,  to  be  installed  on  a  third  river,  some  35  miles  from  Tacoma,  is 
under  consideration. 

When  these  installations  are  complete,  there  should  be  no  occasion 
for  the  use  of  any  fuel  whatsoever  for  the  generation  of  power  in  either 
of  these  cities  or  in  the  locality,  there  being  sufficient  water-power  to 
supply  all  the  wants,  fuel  then  being  used  only  where  it  is  required 
for  heat,  and  the  speaker  is  not  absolutely  sure  but  that  the  cost  of 
electric  current,  due  to  the  low  cost  of  operating  by  water-power,  may 
come  down  to  a  price  so  low  that  even  heat  can  be  supplied  econom- 
ically. 

Los  Angeles,  California,  one  of  the  centers  for  oil — in  other  words, 
-where  fuel  is  cheap — has  become  one  of  the  greatest  transmission  cen- 
ters in  the  country.  There  are  at  present  two  water-power  transmis- 
sion plants  delivering  current  to  this  market.  One  of  these  is  located 
85  miles  distant,  and  the  other  about  20  miles.  A  third  one,  located 
approximately  110  miles  distant,  is  being  installed  for  15  000  H.-P., 
and  a  fourth  once,  located  about  125  miles  distant,  where  they  expect 
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Mr.  McKee.  to  install  20  000  H.-P.,  is  to  be  undertaken  within  the  next  few 
months.  When  all  these  plants  are  in  operation,  notwithstanding  the 
low  price  of  fuel  at  Los  Angeles,  it  is  probable  that  there  will  be  Terr 
little  steam  power  used  in  that  city. 

The  different  cities  just  referred  to  are  only  a  few  of  the  many  in 
the  United  States  which  are  being  supplied  rapidly  with  electric 
power  generated  from  water-powers;  and,  inasmuch  as  current  to-day 
can  be  carried  distances  of  100  to  200  miles  economically,  it  is  easy  to 
comprehend  how  rapidly  this  method  of  supplying  power  will  grow.  In 
the  spirit  of  prophecy,  the  speaker  thinks  it  reasonable  to  anticipate 
that  it  will  be  only  a  few  years,  comparatively,  before  practically  all 
the  power  used  in  manufacturing  in  New  York  State,  north  of  a  line 
drawn  west  from  Albany,  will  be  supplied  by  water  power.  The  pos- 
sibilities from  water  stored  properly  in  the  Adirondacks  are  such  that, 
when  fully  developed,  several  hundred  thousand  horse-power  of  elec- 
tricity can  be  generated  therefrom  for  transmission  purposes,  and  with 
the  flood  waters  held  back  and  stored  so  as  to  be  released  through  the 
usual  low- water  periods,  these  water-powers  can  be  made  sufficiently 
uniform  to  justify  their  being  depended  upon  for  manufacturing  pur- 
poses; so  the  rule  will  be  that  probably  fuel  in  that  section  of  the  State 
will  be  used  only  where  heating  is  a  consideration. 

With  Niagara,  on  the  West,  the  St.  Lawrence  River  on  the  North 
and  the  Adirondacks  in  the  interior,  the  possibilities  for  power  devel- 
opment are  almost  unlimited,  and  the  assurance  of  cheap  power  equally 
promising.  In  the  locations  where  the  great  developments  just  men- 
tioned have  been  made,  the  natural  supposition,  particularly  at  Seattle, 
would  be  that  there  would  be  a  great  decrease  in  the  consumption  of 
fuel.  This,  however,  does  not  seem  to  have  been  the  case,  because,  as 
manufacturing  has  grown,  the  increased  demand  for  fuel  for  use  on 
locomotives  and  steamships — in  other  words,  for  transportation — seems 
to  have  more  than  offset  any  decrease  in  its  use  for  manufacturing 
purposes. 
Mr.  Gerry.  M.  H.  Gerry,  Jr.,  M.  Am.  Soc.  C.  E.  (by  letter). — Of  the  greater 
uses  of  electricity  to-day,  perhaps  the  most  important  is  that  of  an 
agency  for  the  transmission  of  power.  It  is  the  connecting  link  by 
means  of  which  mechanical  energy,  generated  at  distant  points,  is 
transferred  and  again  converted  into  mechanical  power  under  condi- 
tions favorable  to  economical  application  for  commercial  purposes. 

Mr.  Blackwell  reminds  us  of  the  ease  and  reliability  with  which 
distant  generating  plants  may  be  worked  together,  and  of  the  high 
efficiency  attained,  as  compared  with  all  other  methods  of  transmit- 
ting power.  These  are  interesting  facts,  and  are  evidence  of  the  desir- 
ability and  flexibility  of  the  agency  under  discussion. 

Mr.  Thomas  speaks  of  the  effective  lightning  protection  and  suc- 
cessful telephone  service  maintained  on  the  Butte  transmission.     Hi* 
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remarks  indicate  that  difficulties  recently  considered  serionshave  been  Mr.  Gerry, 
overcome,  and  that  there  is  little  reason  to  fear  interruptions  of  the 
service  from  such  causes  on  long  transmission  lines. 

Mr.  Potter,  in  his  interesting  discussion,  states  that  1}  ins.  per  1  000 
volts  should  be  allowed  between  wires  on  account  of  the  possibility  of 
an  arc  being  maintained  if  once  accidentally  established  between  con- 
ductors. The  wires  on  the  Butte  transmission  are  placed  78  ins.  apart, 
but  for  reasons  other  than  those  mentioned  by  Mr.  Potter.  It  is  true 
that  an  arc  will  not  be  maintained  at  this  distance  in  the  open  air, 
under  50  000  volts,  nor  will  it  be  maintained  at  a  somewhat  lesser  dis- 
tance. The  wires  are  so  spaced  as  to  control  the  brush  discharges, 
the  electro-static  losses,  and  also  to  establish  a  certain  line  capacity. 
The  rubber  insulation  of  the  wires  in  the  station,  to  which  attention  is 
directed  by  Mr.  Potter,  is  there  for  the  purpose  of  reducing  the  brush 
discharge  where  the  connections  are  near  together,  at  the  terminals 
of  the  transformers,  and  other  apparatus.  The  thickness  of  the  rub- 
ber, as  stated,  is  ample  to  withstand  the  full  electrical  pressure. 
Brick  and  cement  compartments,  unless  of  very  great  size,  are  unde- 
,  sirable  for  high  potentials,  and  even  then  do  not  represent  the  best 
form  of  construction. 

In  closing  his  remarks,'  Mr.  Potter  made  an  interesting  allusion 
regarding  the  relation  of  high-tension  electrical  transmission  to  the 
problem  of  applying  electrical  power  to  the  movements  of  traffic  on 
the  present  steam  railways.  An  electric  railway,  primarily,  is  an 
electrical  power  transmission.  Its  possibilities  and  scope  have  been 
limited  in  the  past  by  reason  of  the  use  of  direct  current  only,  thus 
restricting  the  field  of  operation  to  comparatively  short  distances.  A 
combination  of  alternating  current  transmission,  with  direct  current 
distribution  and  application  has  met  with  some  success  in  recent 
years  in  connection  with  electric  railroading,  but  this  must  be 
regarded  as  but  a  temporary  expedient,  and  not  as  a  solution  of  the 
problem.  There  are  no  inherent  reasons  why  alternating  current  may 
not  be  applied  directly  to  railway  service,  and  thus  render  possible 
the  general  use  of  electrical  power  for  all  classes  of  railways.  There 
are,  in  truth,  difficulties  to  be  overcome,  but  they  are  in  reality  fewer 
than  confronted  the  electrical  engineers  of  even  ten  years  ago,  in  ap- 
plying direct  current  to  city  railway  service. 

Mr.  McKee  calls  attention  to  the  fact  that  transformers  can  now  be 
obtained  for  electrical  potentials  up  to  100  000  volts.  This  is  cer- 
tainly a  high  pressure,  but  there  are  no  serious  obstacles  in  the  way 
of  the  use  of  this  voltage  on  transmission  lines  where  the  conditions 
are  such  as  to  warrant  the  installation.  The  limit  of  electrical  tension 
for  the  transmission  of  energy  has  not,  as  yet,  been  reached. 
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Mr.  Fowler.  Charles  Evan  Fowler,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper 
is  certainly  one  of  the  most  important  that  has  ever  been  presented 
before  the  Society.  The  failure  to  clean  the  metal  of  steel  structure* 
properly  before  they  are  painted  is  the  principal  cause  of  their  dete- 
rioration, and,  practically,  is  the  only  cause  which  exists  as  a  prejudice 
against  them.  While  the  bridge  shops  have,  in  most  instances,  endea- 
vored to  clean  the  steel  properly  before  paint  is  applied,  it  has  never 
been  done  satisfactorily,  in  the  majority  of  cases,  owing  to  the  charac- 
ter of  the  plant  used,  and  owing  to  the  character  of  the  help  which  it 
is  necessary  to  employ  on  work  of  this  kind.  The  laborers  ordinarily 
employed  as  painters  about  bridge  works  are  not  possessed  of  a  very 
high  order  of  intelligence,  and  soon  fall  into  the  rut  of  glossing  over 
and  slighting  their  work.  When  they  are  discharged,  and  new  ones 
put  in  their  places,  there  is  always  a  length  of  time  for  breaking  them 
in,  during  which  the  work  is  not  done  properly,  so  that  the  writer 
believes  that,  necessarily,  it  must  come  to  some  such  method  as  sand- 
blast cleaning  at  the  bridge  shops  before  painting  is  done,  or  else  follow 
the  lead  of  some  European  railroads,  where  the  bridges  are  not  painted 
until  some  time  after  erection. 


*  This  discussion  (of  the  paper  by  George  W.  Lilly,  Assoc.  M.  Am.  Soc.  C.  E.,  printed 
in  Proceeding*  for  February,  1903),  is  printed  in  Proceeding$  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  May  23d,  1903,  will  be  puhtisbed 
subsequently. 
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The  specifications  of  the  Sheffield  and  Lincolnshire  Railway  Com-  Mr.  Fowler. 
•  pan j  for  1889  require  that  no  portion  of  a  structure  shall  be  painted 
before  erection,  except  such  parts  as  are  not  accessible  for  painting 
afterward.  Some  time  after  the  structure  is  erected,  and  the  scale 
has  all  disappeared  by  rusting  off,  the  metal  is  cleaned  thoroughly 
and  painted.  Should  this  be  done  by  the  sand-blast  process,  and 
paint  at  once  applied,  there  would  be  some  surety  of  a  proper  protec- 
tion from  future  rusting. 

Many  engineers  seem  to  object  to  allowing  rust  to  appear  upon 
the  steel  at  all,  preferring  to  have  the  metal  kept  under  cover  from  the 
time  it  is  rolled  until  it  is  fabricated  and  painted,  but  anyone  who  has 
had  experience  with  raw  steel  plates  and  shapes  stored  in  a  yard,  will 
know  that  the  mill  scale,  which  very  often  is  not  iemoved  otherwise, 
is  rusted  off,  and  the  solid  metal,  although  coated  with  rust,  can  be 
gotten  at  so#as  to  be  cleaned  thoroughly  and  painted;  whereas,  if  the 
metal  is  kept  under  cover,  much  of  this  scale  remains  on  and  is  painted 
over,  and  in  a  few  years  flakes  away  from  the  metal,  or  rusting  between 
the  scale  and  the  body  of  the  metal  goes  on  unseen. 

In  the  writer's  opinion,  particular  parts  of  bridges  should  be  gal- 
vanized, in  a  great  many  cases,  or  protected  by  Barffing,  so  as  to  give 
them  a  protection  once  for  all;  but,  in  lieu  of  this,  the  thorough  clean- 
ing of  existing  structures  by  a  method  similar  to  that  used  by  Mr. 
Lilly  should  be  followed,  and  the  coating  applied  directly  afterward 
to  protect  the  steel  thoroughly.  In  such  cases  it  will  be  possible  soon 
to  arrive  at  some  definite  idea  as  to  which  paint  is  really  the  best  to  use 
on  bridges  and  steel  structures. 

"While  not  directly  a  feature  of  Mr.  Lilly's  paper,  it  certainly  is  one 
which  comes  up  in  studying  it,  as  to  what  kind  of  paint  is  really  the 
best.  The  writer  is  not  prepared  to  change  his  opinion,  formed  during 
many  years  as  Chief  Engineer  of  one  of  the  large  eastern  bridge  com- 
panies, that  red-lead  paint  is  the  best  that  can  be  applied,  regardless  of 
the  numerous  paints  which  are  advertised  do  loudly  as  the  best  for  pro- 
tecting steelwork.  Bed  lead,  used  according  to  the  Baltimore  and  Ohio 
specifications  of  1896,  by  the  addition  of  10  oz.  of  lampblack  to  every 
12  lbs.  of  red  lead,  can  be  handled  as  easily  as  any  other  paint.  Next 
to  this,  for  first-class  work,  are  the  various  carbon  paints  put  on  the 
market  by  the  standard  paint  companies. 

While  the  writer  has  no  data  of  his  own,  as  to  the  cost  of  sand-blast 
cleaning,  it  appears  from  the  paper  that  the  cost  can  be  reduced  to  a 
reasonable  figure,  and'  one  which  would  warrant  the  use  of  the  method 
whenever  there  is  a  large  amount  of  cleaning  to  be  done. 

If  this  paper  shall  have  served  no  other  purpose  than  to  have  called 
attention  in  a  forcible  way  to  the  need  of  thorough  cleaning  of  steel- 
work before  painting,  it  will  have  proved  itself  to  be  one  of  the  most 
valuable  papers  ever  presented  for  the  consideration  of  engineers 
having  to  do  with  steel  structures. 
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Mr.  Polk.  William  Anderson  Polk,  Assoc.  Am.  Soo.  C.  E.  (by  letter). — The 
writer  has  read  this  paper  with  much  interest,  especially  that  part 
relative  to  cleaning  the  One  Hundred  and  Fifty-fifth  Street  Viaduct, 
in  New  York  City.  During  this  operation  the  writer  had  the  pleasure 
of  devoting  about  one  month's  time  to  observation  of  the  workings  of 
the  sand-blast,  and  found  that  it  was  the  only  power  capable  of  remov- 
ing the  accumulated  rust  scale  with  despatch  and  economy.  More- 
over, it  was  the  only  method  that  was  thoroughly  efficient  in  preparing 
the  surface  for  the  tests  of  paints,  that  being  the  object  for  which  the 
sand-blast  was  used  on  the  viaduct. 

To  understand  how  thoroughly  the  machine  did  its  work,  it  may  be 
stated  that  on  days  in  which  the  humidity  was  great  (such  days  were 
frequent,  the  humidity  registering  often  from  90°  to  98°),  the  metal 
was  no  sooner  cleaned  than  the  gray  color  was  changed  by  oxidation 
to  a  rusty  brown.  It  was  deemed  expedient  to  apply  the  paint  as  soon 
as  possible  after  a  sufficient  number  of  square  feet  (about  200)  had 
been  cleaned.  This  surface  would  comprise  two  buckle-plates,  one  on 
each  side  of  the  girder,  and  the  section  of  the  girder  supporting  these 
buckle-plates.  The  cleaned  surface  was  protected  from  sand  by  a 
screen  of  sail  cloth  while  the  machine  was  being  operated. 

Notwithstanding  this  protection,  a  great  deal  of  fine  dust  settled  on 
the  cleaned  portion.  This  dust  was  readily  taken  up  by  the  paint, 
however,  and,  in  the  writer's  opinion,  did  no  harm.  One  painter  could 
finish  in  two  hours  the  portion  which  had  been  cleaned  by  .one  nozzle- 
man  in  eight  hours,  under  favorable  conditions,  viz.,  in  dry  weather 
and  with  dry  sand.  Four  nozzle-men  could  keep  one  painter  busy, 
but,  to  accomplish  this,  the  sail-cloth  screen  had  to  be  moved  fre- 
quently to  places  where  protection  might  be  necessary.  On  bridges  at 
other  places  the  writer  has  noticed  that  a  screen  was  not  needed. 

The  expense  of  cleaning  the  One  Hundred  and  Fifty-fifth  Street 
Viaduct  was  necessarily  much  greater  than  it  would  be  to-day.  The  cost 
and  the  time  of  cleaning  could  be  reduced  very  much  by  the  addition 
of  more  machines. 

For  the  purpose  of  preparing  metal  surfaces  for  painting,  nothing 
lias  come  under  the  writer's  observation,  during  a  period  of  ten  years, 
that  can  approach  the  efficiency  of  the  sand-blast  machine.  In  order 
to  have  the  best  results  from  painting,  it  is  expedient,  nay,  it  is  neces- 
sary, to  have  the  surface  absolutely  free  from  rust,  mill  scale  and 
grease;  therefore  the  sand-blast  will  more  than  pay  for  itself  in  de- 
creased maintenance  and  in  furthering  the  lasting  qualities  of  metal 
coatings. 
Mr.  Snow.  J.  P.  Snow,  M.  Am.  Soc.  C.  E.  (by  letter).— The  Boston  and  Maine 
Railroad  (with  which  the  writer  is  connected)  has  used  a  sand-blast 
outfit  for  four  seasons,  but  from  its  experience  little  can  be  added 
to  the  testimony  given  by  the  author.     The  mixers  used  are  of  the 
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Tilghman  pattern,  as  shown  by  Fig.  1,*  with  a  second  hopper,  so  that  Mr.  Snow, 
sand  may  be  fed  continuously  while  the  blast  is  operating. 

The  air  is  furnished  by  a  Fairbanks-Morse  gasoline  compressor, 
with  an  11 -in.  engine  cylinder  and  a  14  J -in.  pump  having  an  18  in. 
stroke.  Two,  and  sometimes  three,  open- topped  galvanized-iron  tanks, 
of  600  galls,  capacity,  each  containing  circulating  water  for  cooling 
the  cylinders,  are  used;  these,  and  a  small  galvanized-iron  gasoline 
holder,  a  boiler-iron  air-reservoir,  a  sand-dryer,  and  pipes,  hose,  etc., 
complete  the  outfit. 

The  air  pressure  with  this  plant  is  from  15  to  18  lbs.,  which  is  very 
effective  on  weather  rust  not  heavily  scaled.  Where  the  scale  is  caused 
by  engine  gases  or  by  brine  from  refrigerator  cars  it  is  removed  with 
hammers,  chisels,  etc.,  before  applying  the  blast.  It  is  thought  that 
-a  greater  pressure,  as  advocated  by  Mr.  Lilly,  would  be  more  effective 
where  the  rust  is  heavy  and  the  metal  pitted.  The  pressure  can  be 
increased  by  exchanging  the  pump  cylinder  for  a -smaller  one. 

Usually,  this  outfit  is  loaded  and  unloaded  by  a  car  derrick.  It  is 
set  up  near  the  bridge  to  be  operated  upon,  the  water  tanks  are  filled 
irom  the  locomotive  tender,  a  detachable  shanty  is  put  over  the  engine, 
sand  is  unloaded,  the  pipes  are  connected,  and  work  is  commenced. 
It  requires  only  a  few  hours  to  set  up  the  plant  at  a  given  bridge. 
It  is  desirable  to  have  the  sand-dryer  as  near  the  bridge  as  possible, 
but  the  engine  should  be  100  ft.  away,  or  farther,  to  get  it  somewhat 
out  of  the  dust. 

The  sand  should  be  clean  and  hard.  For  the  highest  efficiency,  its 
fineness  should  depend  on  the  kind  of  rust  to  be  attacked.  For  simple 
weather  rust,  fine  sand  is  the  best.  If  the  rust  is  heavy,  the  metal 
pitted  and  the  surface  hard  to  get  at,  coarse  sand  should  be  used. 
Where  the  work  is  over  dry  land,  the  sand  can  be  used  again  several 
times.  It  gets  finer  each  time  it  is  used,  but,  as  the  impact  against  the 
metal  breaks  the  grains  of  sand,  they  are  sharp,  and,  until  it  becomes 
too  fine,  its  effectiveness  is  rather  greater  than  at  first. 

For  drying  sand  a  so-called  Chicago  dryer  is  used.  Its  action  is 
similar  to  that  of  the  dryer  shown  in  Fig.  1,  Plate  XVII,  f  except  that 
the  dry  sand  escapes  through  an  annular  opening  against  the  firo-box, 
which  prevents,  in  a  measure,  the  over-heating  mentioned  in  the 
paper.  This  method  of  drying  sand  is  very  unscientific,  however,  in- 
asmuch as  the  mass  of  sand  in  the  hopper  acts  as  a  blanket  to  prevent 
the  escape  of  steam  from  the  lower  portion  next  to  the  fire-pot,  where 
there  is  the  greatest  heat.  In  fact,  it  is  a  good  deal  like  trying  to 
drive  moisture  out  of  a  steam-tight  box.  A  dryer,  arranged  so  that 
the  sand  could  fall  over  a  series  of  inclined  baffle-plates  in  a  furnace, 
where  the  heated  gases  from  the  fire  could  pass  over  a  thin  moving 
sheet  of  sand  and  absorb  its  moisture,  is  a  desideratum.     The  waste 

*  Proceedings,  Am.  Soc.  C.  £.,  for  February,  1908,  p.  183. 
t  Proceeding;  Am.  Soc.  C.  E.,  lor  February,  1908,  p.  147. 
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Mr.  Snow,  heat  from  the  engine  exhaust  is  enough  to  dry  the  sand  in  a  properly 
arranged  dryer,  but  there  are  practical  difficulties  in  using  it  The 
exhaust  from  an  explosion  engine  should  be  free  and  close  to  the 
engine,  to  obviate  back  pressure ;  but,  to  save  the  running  parte,  the 
engine  should  be  at  some  considerable  distance  from  the  sand.  Again, 
it  is  frequently  desirable  to  dry  sand  when  the  engine  is  not  run- 
ning; therefore,  on  the  whole,  it  seems  best  to  use  an  independent 
dryer*. 

Some  difficulty  is  experienced  from  moisture  carried  by  the  con- 
densed air.  A  very  little  dampness  will  cause  the  sand  to  clog  at  the 
lower  valve,  as  mentioned  in  the  paper;  but,  with  drips  at  the  air 
reservoir,  and  no  sags  in  the  lines  of  air  pipes,  the  trouble  is  not 
great. 

In  cleaning  a  long  bridge  the  air  has  been  carried  as  far  as  900  ft 
from  the  reservoir.  A  3-in.  pipe  is  used,  and  there  is  very  little  reduc- 
tion in  the  pressure  from  the  reservoir  to  the  mixers. 

The  operation  of  painting  is  similar  to  that  described  by  Mr.  Lolly. 
On  overhead  bridges,  which  suffer  from  the  blast  action  of  the  loco- 
motive smokestacks,  it  is  not  considered  a  disadvantage  to  have  the 
sand  get  into  the  raw  paint.  Two  coats  are  applied,  and  the  portion 
directly  over  the  centers  of  the  tracks  receives  three  coats.  If  the 
first  is  well  filled  with  sand  the  result  is  a  thick,  gritty  coat,  which  hat 
considerable  power  to  withstand  the  blaBt  of  hot  sparks  from  the 
stacks. 

With  the  engine  described,  three  mixers  and  nozzles  are  used.  The 
force  required  is  generally  a  foreman  and  six  men ;  three  on  the  nozzles 
and  three  drying  sand  and  feeding  it  to  the  mixers.  The  writer  has  no 
reliable  statistics  as  to  cost.  The  figures  given  in  the  paper  are  fairly 
comparable  with  average  results  obtained,  but  many  jobs  cost  more 
on  account  of  the  difficulty  of  getting  at  the  parts  to  be  cleaned.  The 
question  simply  resolves  itself  into  a  choice  between  letting  the  metal 
waste  away  at  its  own  rate,  or  paying  the  cost  of  cleaning  it  with  the 
sand-blast.  Where  iron  has  become  heavily  scaled  by  locomotive  gases, 
brine  from  beef  cars,  or  sea  water,  it  is  simply  impracticable  to  stop 
corrosion  by  any  method,  known  to  the  writer,  other  than  the  sand- 
blast. 
Mr.  Beizner.  Theodore  Belznek,  Jun.  Am.  Soo.  C.  E. — In  this  paper  Mr.  Lilly 
has  carefully  covered  the  ground,  and  has  left  little  to  be  added  except 
practical  experiences  in  the  same  line.  A  number  of  his  recommen- 
dations should  be  carried  out,  and,  if  criticism  were  to  be  made,  it 
would  have  to  be  said  that  he  does  not  place  sufficient  emphasis  on 
some  of  his  recommendations. 

The  speaker  will  endeavor  to  relate  the  experience  gained  in  the 
sand-blast  cleaning  of  steel  on  the  Rapid  Transit  Subway,  in  New  York 
City. 
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Owing  to  the  magnitude  of  the  Rapid  Transit  Subway  work,  steel  Mr.  Beizner. 
had  to  be  ordered  largely  in  advance  from  'the  manufacturers,  who  in  - 
this  case  were  the  American  Bridge  Company.  Such  steel  as  columns 
and  girders  of  standard  size  and  design  were  ordered,  so  as  to  facili- 
tate the  output  at  the  mills.  Large  quantities  were  received,  and  lay 
for  from  eighteen  months  to  two  years,  piled  high  in  the  streets  and 
at  the  yard  at  the  foot  of  Forty-second  Street,  East  River.  This 
steel  was  exposed  to  the  inclemency  of  the  weather  for  that  period. 
When  the  sub-contractors  were  ready  to  use  the  steel  it  was  found 
that  the  paint  had  worn  off  considerably,  and  a  part  of  the  steel  was 
corroded.  It  was  determined  to  clean  and  repaint  before  erection 
such  parts  as  were  to  be  exposed  in  the  structure,  and  all  abutting  and 
connecting  parts  which  were  not  to  be  embedded  in  concrete.  S.  L. 
F.  Deyo,  M.  Am.  Soo.  C.  E.,  Chief  Engineer  for  the  Rapid  Transit 
Subway  Construction  Company,  acting  on  the  recommendation  of 
William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  for  the 
Rapid  Transit  Commission,  then  gave  the  order  to  the  sub-contractors 
to  clean  the  steel  with  the  sand-blast. 

Before  taking  up  the  work  in  detail  it  should  be  stated  that  the 
various  sub-contractors  had  established  air-compressing  plants  on 
their  various  sections,  thus  having  their  line  covered  with  compressed- 
air  pipes. 

A  large  quantity  of  steel  was  piled  at  Canal  and  Elm  Streets,  and 
work  was  commenced  there,  but  Was  found  to  be  such  a  nuisance  to 
the  tenants  of  surrounding  buildings  and  to  traffic  that  it  was  moved 
down  into  the  partly-finished  subway.  Here  the  dirt  and  sand  be- 
came a  hindrance  to  the  workmen,  and  the  work  was  moved  to  Bond 
and  Elm  Streets.  Here,  again,  it  proved  to  be  such  a  nuisance  to  the 
public  and  to  traffic  that  the  operation  of  the  blast  was  confined  to 
night  hours.  Work  was  then  carried  on.  at  this  point  for  a  long  time 
until  the  street  was  cleared  for  paving.  The  plant  was  then  moved  to 
Forty-second  Street  and  the  East  River,  where,  again,  work  during 
the  day  was  found  to  be  objectionable  to  the  neighborhood,  and  the 
work  is  now  being  done  at  night. 

The  plant,  after  being  moved  to  Forty -second  Street  and  East  River, 
was  entirely  rearranged,  and  in  suoh  a  way  as  to  obtain  much  better 
results  than  those  obtained  previously.  The  size  of  the  pipe  from  the 
condenser  to  the  blasts  was  increased  to  1£  ins.,  and  a  much  greater 
pressure  was  obtained,  thereby  largely  increasing  the  quantity  cleaned. 
The  tanks  were  about  200  ft.  from  the  power-house.  The  arrange- 
ments for  drying  and  storing  sand  ready  for  use  were  also  improved, 
and  the  handling  was  facilitated  considerably  by  the  use  of  the  crane 
in  lifting  and  piling  the  steel. 

Two  plants  are  at  work:  That  for  The  Degnon-McLean  Contract- 
ing Company  consists  of  four  tanks  of    double-row,  riveted,  extra 
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Mr.  Belzner.  heavy,  ordinary  kitchen-boiler,  14  ins.  in  diameter  and  4  ft.  10  ins. 
long,  the  interior  arrangement  of  which  is  shown  in  Fig.  4.  The 
plant  in  use  by  the  Holbrook,  Cabot  and  Daly  Contracting  Company 
consists  of  two  tanks  having  a  similar  interior  arrangement. 

Although  four  tanks  were  erected  for  The  Degnon-McLean  Con- 
tracting Company,  only  two  are  in  use,  as  a  rule,  the  extra  tanks  being 
kept  in  reserve  in  case  of  any  trouble,  thereby  preventing  any  inter- 
ruption of  the  work. 

The  simplicity  of  the  design  of  these  sand  tanks  should  recom- 
mend itself  to  engineers,  because  any  mechanic  can  look  after  them, 
thus  avoiding  the  use  of  patented  devices  such  afe  described  by  Mr. 
Lilly. 


SECTION  OF  SAND-BLAST  TANK. 
Fio.  4. 


Great  care  has  been  taken  in  the  selection  of  the  sand.  That  coming 
from  the  Bhores  of  Long  Island  Sound  has  proved  to  be  the  best  for 
the  purpose  desired.  The  arrangements  made  for  drying  the  sand 
consist  of  an  open  brick  flue,  about  3  ft.  wide  and  20  ins.  high,  on 
which  are  placed  two  iron  trays.  These  trays  are  of  J-in.  iron,  and 
each  is  6  ins.  deep,  3  ft.  6  ins.  wide  and  4  ft.  long. 

Great  care  should  be  taken  in  drying  the  sand.  It  should  be 
turned  over  continually,  which  in  this  case  had  to  be  done  by  hand. 
When  dry  it  should  be  removed  from  the  pans  at  once,  and  not  allowed 
to  burn  or  bake,  for  in  that  case  when  it  came  into  impact  with  the 
steel  it  would  be  brittle,  and,  battering  into  fine  dust,  would  not 
remove  the  rust.  Sand  dried  properly  and  carefully  can  be  used  two 
or  three  times  with  good  results.  In  a  permanent  plant,  a  rotary 
dryer,  over  a  fire,  or  supplied  with  a  hot  blast,  could  be  used  very 
economically,  and  the  drying  would  be  more  uniform. 
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A  section,  about  6  ins.  in  diameter,  was  cut  out  of  the  crown  of  Mr. 
each  blast  tank  and  a  screw  cap  fitted  to  the  opening.  This  is  re- 
moved while  the  tanks  are  being  filled.  The  sand  is  passed  through 
a  fine  wire  mesh  before  being  poured  into  the  tanks,  so  that  nothing 
can  pass  through  that  will  tend  to  choke  or  obstruct  the  valves  and 
fittings. 

The  outlet  for  the  sand  is  at  the  bottom  and  center  of  the  tank,  and 
is  of  lj-in.  pipe  connecting  below  with  the  air- pipe  at  an  angle  of 
about  45  degrees.  About  6  ins.  above  the  outlet  another  connection 
is  made  through  the  side  of  the  tank  by  a  1-in.  pipe  extending  to  the 
center  of  the  tank,  with  an  elbow,  the  end  looking  down  into  the 
outlet.  This  pipe  and  elbow  are  perforated  with  small  holes,  and  air 
under  pressure,  and  controlled  by  a  valve,  is  admitted  so  as  to  keep  the 
sand  slightly  agitated,  thereby  facilitating  its  flow  through  the  outlet. 

The  sand  flows  from  the  tanks  through  a  flexible  rubber  hose  of  2 J 
ins.  internal  diameter,  to  the  end  of  which  is  attached  an  ordinary  pipe 
reducer  to  receive  the  nozzle;  it  passes  out  at  a  uniform  pressure  of  65 
lbs.  per  square  inch.  This  pressure  is  furnished  from  the  power-house 
erected  for  the  purpose  of  supplying  power  for  the  work  being  done  on 
Park  avenue  and  Forty-second  Street. 

In  front  of  the  tank  a  platform  of  2-in.  timber,  25  x  50  ft.,  was  built. 
On  this  the  pieces  of  steel  are  placed  side  by  side,  and  when  the  upper 
sides  are  cleaned,  the  pieces  are  turned  over  and  the  opposite  sides 
cleaned.  When  cleaned,  the  steel  is  painted,  and  then  removed  and 
piled  by  the  crane. 

Nozzles  of  extra-heavy,  J-in.  gas  pipe,  varying  from  7  to  18  ins.  in 
length,  have  been  used;  but  it  has  been  found  that  the  12 -in.  lengths 
are  most  effective.  The  life  of  the  nozzles  varied  with  the  sharpness 
of  the  sand,  the  temper  of  the  pipe  material,  and  the  air  pressure,  but, 
on  the  average,  lasted  1J  hours.  The  nozzles  were  generally  worn 
through,  about  2  to  3  ins.  from  the  reducer,  owing  to  the  deflection 
of  the  sand  leaving  the  large  hose,  passing  through  the  reducer  and 
then  striking  the  nozzle  at  that  point.  This  condition  would  suggest 
that  a  special,  graduated  coupling  from  hose  to  reducer  be  devised,  so 
that  the  sand  would  pass  through  at  a  uniform  rate  without  meeting  a 
break,  thus  avoiding  the  deflection. 

The  force  consists  of  a  foreman,  who  regulates  the  valves  controlling 
air  and  sand,  two  nozzle-men  who  direct  the  blast  (these  men  had  to 
wear  goggles  to  protect  their  eyes),  two  men  to  dry  the  sand,  attend  to 
the  fire  and  keep  the  tanks  filled,  and  also,  one  laborer,  who  assists 
the  nozzle-men  in  handling  the  hose. 

As  the  yard  covered  a  large  area  and  the  steel  was  distributed  all 
over  it,  it  was  a  question  whether  it  would  be  more  economical  to  have 
a  portable  blasting  machine  or  to  make  it  stationary  and  use  the  crane 
and  traveler  for  the  purpose  of  handling  materials.    It  was  finally  de- 
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Mr.  Belzner.  cidedto  make  the  plant  stationary  and  use  the  crane  for  collecting  and 
subsequently  piling  the  steel. 

The  material  cleaned  consists  principally  of  bulb  angle-columns, 
I-beams  for  wall-columns,  roof  I  -beams,  knee-braces,  rivets,  plate- 
girders,  splice-plates,  grillage-beams,  and  angles.  Plate  XXXVI 
shows  a  girder  before  and  after  being  cleaned  by  the  sand-blast. 

The  question  of  the  advisability  of  cleaning  the  steel  before  it 

leaves  the  shops  could  well  be  taken  up.     Were  the  mill  scale  and  dirt 

removed  before  the  steel  is  painted,  the  protective  coating  given  it 

at  the  shops  would  undoubtedly  prove  more  effective  in  the  prevention 

-     of  corrosion  than  by  the  present  methods. 

Such  an  adjunct  to  the  manufacturing  plants,  if  properly  laid  out, 
could  resolve  itself  into  practically  first  cost.  If  automatic  devices  for 
drying  the  sand  and  then  feeding  it  to  the  blast  were  devised,  much 
labor  and  time  would  be  saved.  Still  more,  the  nozzles  of  the  blast 
could  be  in  a  fixed  position,  and  a  rolling  table  provided  for  the 
steel.  An  automatic  device  for  spraying  the  paint  on  the  steel  might 
also  prove  an  advantage. 

In  preparing  this  discussion  the  speaker  had  the  assistance  of  Mr. 
B.  S.  Fowler,  Junior  Assistant  Resident  Engineer,  who  also  furnished 
the  data,  photographs  and  drawings.  The  speaker's  thanks  are  also 
due  to  Mr.  J.  J.  Shannon,  Inspector  for  the  Rapid  Transit  Subway 
Construction  Company,  for  useful  suggestions. 
Mr.  Paschke.  Theodore  Paschke,  M.  Am.  Soc.  C.  £. — Before  giving  any  figures 
which  can  serve  as  a  basis  for  comparison  with  those  given  by  Mr. 
Lilly,  as  to  the  cost  of  cleaning  some  of  the  structural  steel  for  the 
New  York  Rapid  Transit  Subway,  as  described  by  Mr.  Belzner,  it  will 
be  necessary  to  state  briefly  and  as  nearly  as  possible  the  actual  con- 
ditions, rather  adverse  in  some  cases,  under  which  the  work  had  to  be 
done. 

When  it  became  evident  that  the  shop  coat  of  paint  had  been  prac- 
tically destroyed  by  long  exposure,  and  that  it  was  necessary  to  arrest 
the  destructive  work  of  corrosion  which  had  set  in,  the  Subway  Con- 
struction Company,  in  obedience  to  orders  from  the  Rapid  Transit 
Commission,  assumed  the  responsibility  of  the  work,  and  arranged  with 
its  sub-contractors  on  Sections  Nos.  2  and  3  to  perform  the  work  of 
cleaning  the  steel  and  replacing  the  shop  coat  of  paint,  as  an  extra,  at 
cost  plus  the  usual  percentage  allowance  customary  in  such  cases. 
The  sub-contractors  for  Section  No.  2  (comprising  the  Elm  Street 
section)  are  the  Degnon-McLean  Contracting  Company;  for  Section 
No.  3  (comprising  Lafayette  Place  and  Fourth  Avenue)  the  Holbrook, 
Cabot  and  Daly  Contracting  Company.  The  work  was  done  by  them 
subject  to  the  inspection  of  the  engineers  of  the  Rapid  Transit  Com- 
mission. 

The  work   was  started  by  hand  cleaning,  that  is,  by  hammer, 
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SAND-BLAST  CLEANING  OF  STEEL.  • 


Fig.  1.— Futbkh-Inch  1-Bbax,  Befobb  Being  Cleaned  with  the  Sand-Blast. 


Fig.  2.— FifTKEf-IitcH  I-Beam,  Afteb  Being  Gleamed  with  the  Sand-Blast. 
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scraper  and  wire  brush.  This  did  not  prove  satisfactory  either  in  Mr.  Paachke. 
point  of  cost  or  in  efficiency,  and  involved  the  sub-contractors  in  an 
almost  continuous  controversy  with  the  inspectors.  It  was  suggested 
that  the  sand-blast  process  be  used,  and  in  view  of  the  fact  that  the 
sub-contractors  had  compressed-air  pipes  along  the  line  of  their  work, 
thus  facilitating  the  installation  of  such  process,  Mr.  Deyo,  Chief 
Engineer  of  the  Subway  Construction  Company,  readily  assented. 

On  the  Elm  Street  section  the  steel  to  be  cleaned  was  piled  at 
various  points  along  the  street.  Mr.  Belzner  has  described  the  attempts 
made  to  locate  the  sand-blast  at  the  various  piles  of  steel.  Thus,  the 
operation  of  the  blast  had  to  be  confined  to  one  point  and  carried  on 
during  night  hours.  The  steel  had  to  be  brought  to  the  sand-blast,  and 
there  manipulated  by  hand),  entirely.  The  arrangements  for  drying  the 
sand  were  primitive,  owing  to  the  temporary  conditions  of  the  work. 
The  first  cost  of  installation  of  the  blasts,  their  various  removals  and 
transfers  from  one  point  to  another,  was  added  to  the  cost,  tending  to 
increase  this  abnormally. 

At  the  Forty -second  Street  yard,  where  the  Fourth  Avenue  steel 
was  piled,  the  conditions  were  somewhat  different.  The  yard  is  200  ft* 
wide  and  700  ft.  long,  and  is  provided  with  a  network  of  tracks  and  a 
traveling  crane  with  a  flat  car  for  the  handling  of  the  steel.  Here,  a 
plant  on  a  little  more  permanent  basis  was  erected,  and  the  steel 
handled  and  brought  to  it  from  the  various  points  of  the  yard  by  the 
traveling  crane.  Although  these  conditions  were  more  favorable  than 
on  Elm  Street,  they  may  be  considered  rather  exceptional  for  suoh 
work. 

In  the  work  on  Elm  Street  and  at  the  Forty-second  Street  yard  * 
about  5  000  tons  of  steel  have  been  cleaned  by  this  process.  • 

But  all  this  steel  was  not  cleaned  over  its  entire  surface;  only 
about  one-half  being  cleaned  entirely,  one-quarter  had  75%  of  its 
surface  cleaned,  and  on  the  other  quarter  about  50%  of  its  surface 
underwent  the  sand-blast  process,  for  the  reason  that  on  the  remain- 
ing surface  the  shop  coat  was  found  to  be  in  good  condition. 

In  the  case  of  the  work  at  the  Forty-second  Street  yard,  the  total 
cost,  including  the  repainting,  amounted  to  from  $3.50  to  $6. 50  per  ton, 
the  higher  cost  being  due  to  the  greater  adversities  experienced  during 
the  winter  months.  In  the  case  of  the  work  done  on  Elm  Street, 
the  cost  ranged  about  $1.50  per  ton  higher.  It  should  be  stated  that 
the  eight-hour  basis  for  a  day's  work  is  in  .vogue  throughout  the  sub- 
way work,  and  that  the  entire  work  of  cleaning  and  painting  had  to 
be  conducted  in  the  open,  exposed  to  all  the  vicissitudes  of  the 
weather,  resulting  often  in  the  necessity  of  reblasting  the  steel, 
before  being  able  to  paint  it. 

It  would  seem  from  these  figures  that  in  the  case  under  considera- 
tion the  use  of  the  sand-blast  did  not  result  in  any  direct  economy 
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Mr.  Ptechke.  over  hand  cleaning.  However,  the  results  obtained  were  infinitely 
superior.  The  steel,  after  emerging  from  the  sand-blast,  presented  a 
beautiful  appearance,  in  fact,  being  fit  to  go  into  an  electro-plating 
bath. 

The  experience  had  here  with  the  usual  customary  shop  coat  as  a 
protection  for  the  steel  against  corrosion  before  erection  seems  to  coo- 
firm  Mr.  Lilly's  contention  for  the  desirability  of  applying  the  sand- 
blast to  structural  steel  at  the  works,  after  manufacture  and  before  the 
application  of  the  shop  coat.  Notwithstanding  the  high  cost  of  the 
work  performed  in  the  present  instance,  which  was  due  to  exceptional 
and  rather  abnormal  conditions,  the  speaker  fully  believes  that  the 
sand-blast  process  can  be  used  at  the  works  to  advantage,  and  at  a 
cost  not  exceeding  that  given  by  Mr.  Lilly. 
Mr.  Babin.  A.  H.  Sabin,  Assoc.  M.  Soc.  C.  E. — Although  the  speaker  has  never 
actually  conducted  any  sand-blast  work,  he  believes  that  it  was  at  his 
suggestion  that  the  sand-blast  was  used  upon  the  One  Hundred  and 
Fifty-fifth  Street  Viaduct  some  years  ago.  He  has,  however,  been  in- 
terested for  years  in  this  matter  of  the  proper  cleaning  of  structural 
steel  before  painting,  and  can  agree  fully  with  what  Mr.  Lilly  says 
about  its  great  importance.  It  is  a  waste  of  money  to  buy  even  the 
best  of  paint  and  spend  a  large  sum  for  labor  in  applying  it  to  a  rusty 
surface. 

More  than  a  hundred  years  ago,  one  of  the  great  early  English 
engineers — Smeaton — remarked  that  he  had  observed  that  if  rust  bad 
once  started  on  the  surface  of  the  iron,  it  made  no  difference  what  var- 
nish or  paint  was  applied  to  the  Burface,  the  rusting  would  continue 
to  go  on  progressively  under  the  paint.  That  conclusion  has  been 
reached  by  every  man  who  has  investigated  the  subject  honestly  and 
disinterestedly. 

Mr.  Paschke  has  stated  when  the  steel  had  been  cleaned  with  the 
sand-blast  it  was  fit  to  go  into  an  electroplating  bath.  That  is  right 
It  will  be  observed  that  it  is  assumed  that  if  a  piece  of  metal  is  to  be 
electroplated  it  has  to  be  clean,  down  to  the  surface  of  the  metal; 
none  of  the  oxide  or  scale  must  be  left  on  the  surface.  It  is  equally 
true  that  to  apply  a  vitreous  enamel,  such  as  on  granite  earthenware, 
etc.,  in  the  first  place  the  surface  of  the  metal  must  be  obtained  on 
which  to  put  the  enamel.  All  such  'ironwork  is  cleaned  usually  by 
pickling.  To  apply  a  varnish  enamel,  as  in  the  case  of  a  bicycle 
frame,  it  is  absolutely  necessary  to  do  the  same  thing;  otherwise  the 
enamel,  or  the  electroplate,  will  come  off  in  time,  because  the  rate  of 
expansion  of  the  scale  is  always  a  little  different  from  that  of  the  iron, 
and  in  time  the  scale  will  loosen  up. 

Now,  the  speaker  is  a  paint  man,  and  has  had  an  experience  of  a 
good  many  years.  He  believes  that  paint  sticks  on  iron  in  exactly  the 
same  way  that  anything  else  does,  and  the  conditions  which  favor  the 
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adhesion  of  other  things  favor  the  adhesion  of  paint.    If  it  is  neces-  Mr.  Sabin. 
sary,  if  it  is  absolutely  indispensable,  as  all  agree,  to  have  all  these 
other  coatings  applied  to  the  actual  surface  of  the  metal,  and  not  to  any 
scale  or  rust,  or  anything  of  that  sort,  it  is  also  desirable  to  apply 
paint  directly  on  the  iron. 

There  are  plenty  of  people  who  think — no  doubt  many  who  think 
honestly — that  the  oil  and  paint  will  mix  up  with  the  iron  rust  and 
keep  out  the  air,  and  in  that  way  the  corrosion  will  be  stopped. 
The  trouble  with  that  theory  is  that  the  paint  and  varnish  are  not 
absolutely  non-porous.  If  they  were  it  would  be  all  right.  Neither  is 
cement  or  concrete  non-porous,  and  when  the  corrosion  gets  under 
way,  its  action  is  very  rapid.  That  is  a  chemical  question  which  is ' 
not  worth  while  discussing  now  as  it  has  been  beaten  oyer  a  good 
many  times,  and  probably  most  of  those  who  are  interested  in  the 
subject  are  thoroughly  familiar  with  the  theory  of  the  matter. 

It  is  comparatively  easy  to  keep  iron  free  from  rust  when  it  is 
clean,  but,  after  the  rust  has  started,  it  is  very  difficult  to  stop  it  or 
to  clean  it  away  from  the  metal. 

The  speaker  had  hoped  that  this  paper  might  bring  out  a  discus- 
sion from  somebody  who  had  had  experience  in  cleaning  iron  by 
dipping  it  in  acids,  or  "  pickling."  Of  course,  that  is  not  sand-blast- 
ing, but  the  result  is  what  is  desired.  The  speaker  is  not  aware  that, 
in  this  country,  any  structural  metal-work  has  been  cleaned  by 
pickling,  but  a  great  deal  has  been  cleaned  in  Europe,  some  of  it 
many  years  ago,  and  it  is  being  done  now,  with  most  excellent  results. 
Of  course,  the  result  of  a  first-class  job  of  pickling  is  just  the  same 
as  the  result  of  sand-blasting. 

One  of  the  advantages  of  the  sand-blast,  not  mentioned  by  Mr. 
Lolly,  is  that  it  leaves  the  iron  not  only  clean,  but  dry.  The  process  of 
pickling  leaves  the  surface  of  the  iron  wet,  and  it  has  to  be  dried.  It 
would  be  difficult  to  apply  the  process  of  pickling  to  structural  work 
in  place,  such  as  an  erected  bridge,  or  anything  of  that  sort,  but  it 
would  have  been  extremely  interesting  to  have  had  an  idea  of  the 
comparative  cost  of  cleaning  the  steel  for  the  rapid  transit  work  by 
pickling,  as  compared  with  the  sand-blast. 

There  is  probably  a  thousand  times  as  much  iron  and  steel  cleaned 
by  pickling  as  is  cleaned  by  the  sand-blast.  There  is  an  immense 
amount  of  it  done.  Those  who  are  not  familiar  with  the  subject  have 
no  idea  of  the  extent  to  which  it  is  practiced,  but,  in  this  country,  it 
has  not  been  applied  to  structural  steel. 

There  is  a  feature  which  did  not  appear  in  Mr.  Snow's  admirable 
discussion.  Mr.  Snow  has  really  had  a  great  deal  of  experience  in  the 
use  of  the  sand-blast  on  bridges,  and  has  told  the  speaker  that,  usually, 
he  did  not  clean  the  whole  of  a  bridge  with  the  sand-blast,  as  that  is 
regarded  as  rather  expensive.     Such    parts  of   the  bridge  as  are 
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Mr.  Babln.  specially  liable  to  corrosion  are  cleaned  by  the  sand-blast,  and  other 
portions,  which  are  not  so  subject  to  deterioration,  are  cleaned  in  a  leas 
thorough  and  less  expensive  manner,  for  the  reason  that  those  por- 
tions which  are  most  liable  to  corrosion  will,  in  spite  of  the  greatest 
care  that  can  be  taken,  probably  rust  out  as  rapidly  as  the  other  por- 
tions with  somewhat  less  care,  although,  of  course,  a  man  who  is 
sufficiently  interested  in  the  matter  to  do  sand-blasting  is  not  going 
to  have  any  poor  work  done.  This  feature,  however,  is  worth  remem- 
bering. 

It  may  be  regarded  in  another  way.  If  a  man  sets  up  a  sand-blast 
plant  to  clean  a  bridge,  and  has  all  his  apparatus  and  his  gang  of  men 
to  do  it,  and  only  cleans,  say,  one-quarter  or  one-third  of  the  bridge, 
he  cannot  do  that  quarter  or  third  of  the  bridge  as  cheaply  per  square 
foot  as  he  could  clean  the  whole  bridge,  so -that  the  cost  per  square 
foot  is  a  great  deal  higher  than  it  would  be  if  he  were  cleaning  the 
whole  work,  and  for  that  reason  any  figures  that  he  gets  must  be 
taken  with  regard  to  that  fact. 

In  reference  to  the  possible  danger  of  cutting  away  the  iron :  Mr. 
Lilly  observed  that  it  was  immensely  more  difficult,  and  required  a 
great  deal  more  power,  to  remove  a  hard  compact  scale  than  to  remove 
ordinary  rust.  Now,  the  difficulty  of  cutting  away  tough,  hard  steel 
is  immensely  greater  than  that  of  cutting  away  the  hardest  kind  of 
rust,  and  the  speaker  was  told — this  was  not  his  own  experience — by 
the  manager  of  the  Wolff  Bicycle  Company,  some  years  ago,  when  they 
were  using  the  sand-blast  for  cleaning  the  frames  of  bicycles,  that 
before  they  purchased  their  sand-blast  apparatus,  they  were  appre- 
hensive about  cutting  away  the  metal,  because  the  tubing. they  used 
was  very  thin;  and  to  test  the  matter  they  held  a  piece  of  tubing  in 
the  current  from  the  sand-blast  machine  for  twenty  minutes  contin- 
uously and  then,  with  a  micrometer  scale  caliper,  which  would  show  a 
thousandth  of  an  inch,  were  not  able  to  find  any  diminution  in  the 
diameter  of  the  tube.  Consequently,  they  thought  that  they  were 
safe  in  using  it;  and  if  that  is  the  case,  there  should  not  be  very  much 
apprehension  as  to  cutting  away  the  steeL 
Mr.  Seaman.  H.  B.  Seaman,  M.  Am.  Soc.  C.  E.— There  seems  to  be  little  to  add 
to  the  discussion  which  has  already  taken  place,  except,  possibly,  to 
mention  the  dangers  of  the  misuse  of  the  sand-blast.  It  is  undoubt- 
edly a  most  efficient  method  of  oleaning  iron,  especially  where  the 
rust  is  badly  caked,  or  is  in  inaccessible  corners  and  cannot  be  reached 
by  hand;  but  where  the  rust  is  slight,  and  especially  where  surrounded 
by  elastic  paint,  the  excessive  use  of  the  sand-blast  may  prove  more 
injurious  than  the  rust  which  it  removes.  The  sand-blast  will  remove  the 
rust  quickly,  but  if  continued  long  enough  to  remove  the  elastic  paint, 
which  requires  considerably  more  time,  the  parts  which  were  rusted  will 
be  worn  deep  and  pitted,  and  when  the  whole  surface  is  bright  and 
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smooth,   and  acceptable  to  an  enthusiastic  inspector,  more  metallic  Mr.  Seaman, 
iron  may  have  been  removed  than  would  be  the  case  after  several  ordi- 
nary coats  of  rust.     Furthermore,  the  naked  iron,  as  left  by  the  sand- 
blast, will  rust  much  more  quickly  than  when  the  mill  finish  is  left. 

An  illustration  of  the  danger  of  overdoing  the  sand-blast  occurred 
recently,  under  the  supervision  of  an  ardent,  but  well-meaning,  in- 
spector. Four  columns,  which  had  been  similarly  exposed  to  the 
weather  while  stored  in  the  same  pile  awaiting  erection,  were  brought 
out  and  laid  side  by  side  to  be  cleaned  by  the  sand-blast.  After  3} 
hours  of  the  sand-blast  two  of  these  columns  were  stripped  absolutely 
clean  of  rust  and  paint,  and  of  all  sign  of  the  original  mill  surface; 
finished,  in  fact,  clean  enough  for  electroplating.  The  work  could 
not  have  been  done  more  thoroughly  if  performed  in  a  laboratory  for 
experimental  purposes.  The  remaining  two  columns  were  then  cleaned 
of  rust  and  dirt,  but  all  good  paint  was  left  on.  This  required  45 
minutes,  and  the  columns  were  left  in  better  condition  than  the  first 
two,  at  about  one-fourth  of  the  expense. 

The  theory  that  iron  must  be  cleaned  to  a  white  surface  before 
being  painted  does  not  seem  tenable.  The  thin  coat  of  black  oxide 
formed  after  rolling  is  of  itself  a  valuable  protection,  being  the  most 
permanent  form  of  iron  oxide,  and  even  when  the  iron  is  tinted 
brown  with  rust  it  is  not  clear  why  the  paint  which  would  protect  the 
iron  from  rusting,  will  not  in  like  manner  prevent  the  rust  from  pro- 
gressing, excepting,  of  course,  where  the  rust  is  so  thick  as  to  prevent 
adhesion  of  the  paint  to  the  iron.  Where  the  sand-blast  is  used  it  is 
necessary  to  paint  at  once  to  prevent  corrosion. 

Aside  from  the  commercial  or  scientific  value  of  sand-blasting,  there 
is  a  very  serious  question  of  its  effect  upon  the  eyes  and  lungs  of  the 
operator.  Its  use  in  connection  with  bridge  shops  would  seem,  not 
only  objectionable  on  account  of  its  disturbing  effect  upon  the  other 
operations,  but,  as  already  mentioned,  would  remove  the  black  oxide  of 
manufacture,  which  is  its  natural  protection.  Any  scale  which  may 
be  formed  after  rolling  is  quite  thoroughly  removed  in  punching  and 
handling  through  the  shops. 

E.  A.  H.  Tats,  M.  Am.  Soc.  C.  E.   (by  letter).- The  writer  hasMr.Tays. 
noticed  that  the  means  of  drying  the  sand,  as  described  by  Mr.  Lilly, 
were  very  crude,  and  the  idea  suggested  itself  that  they  could  be  im- 
proved. 

The  following  suggestions  may  be  of  service  in  enabling  those  of 
the  profession  engaged  in  that  work  to  improve  upon  the  present 
practice  in  that  line. 

Where  temporary  plants  are  required,  a  sheet-iron  bed,  8  ft.  long, 
4  ft.  wide,  or  wider,  made  hollow,  about  4  ins.  high,  or,  with  sufficient 
room  for  a  2-in.  steam  coil,  or  line,  of  pipes,  set  on  a  frame  3  ft.  high, 
would  do  the  work;  the  steam  coil  being  used  to  pass  the  exhaust 
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Mr.  Tays.  steam  through;  or,  the  exhaust  could  be  turned  directly  into  the  hol- 
low bed.  This  bed  can  be  made  of  the  thinnest  sheet  or  galvanized- 
iron,  and  should  have  a  2-in.  flange  on  the  sides,  but  none  at  the  ends; 
and  it  might  be  set  with  a  slight  fall,  to  facilitate  drawing  off  the  sand 
with  a  hoe  or  rake  at  the  lower  end. 

In  large,  stationary  plants,  a  cylindrical  dryer,  on  the  lines  of  the 
Ho  well- White  roaster,  or  of  the  type  of  the  ordinary  ore-dryer  used  in 
dry-crushing  mills,  would  seem  to  be  just  about  the  thing.  It  could 
be  made  of  much  lighter  material  than  the  ore-dryer  and  much  smaller 
in  size. 

This  dryer  is  a  revolving  cylinder,  larger  at  one  end  than  at  the 
other,  and  is  heated  by  wood  or  coal,  the  heat  passing  down  the  cylin- 
der. The  sand  is  fed  into  a  hopper  at  the  small  end,  and  the  revolu- 
tions of  the  cylinder,  say  five  per  minute,  gradually  pass  it  out  at  the 
other,  thoroughly  dried. 

These  observations  may  enable  some  of  those  who  are  working  in 
this  line  to  devise  an  economical  as  well  as  efficient  sand-dryer;  if  so, 
the  object  of  these  remarks  will  have  been  attained. 
Mr.  Lilly.  Geobge  W.  Lilly,  Assoc.  M.  Am.  Soc.  O.  E.  (by  letter).— Mr.  A.  H. 
Sabin  has  called  attention  to  the  fact  that  one  of  the  great  advantages 
of  the  use  of  the  sand-blast  is  the  dry  condition  of  the  metal  after  being 
cleaned  by  it.  This  is  certainly  a  great  advantage  and  essential  to  the 
best  efficiency  of  the  preservative  paint.  It  is  also  true  that,  unless 
the  paint  is  applied  soon  after  the  cleaning  is  done,  moisture  is  likely 
to  accumulate  on  the  steel,  especially  if  the  atmosphere  is  nearly  or 
quite  saturated  with  moisture.  It  has  been  urged,  therefore,  that  the 
paint  should  be  spread  within  the  shortest  possible  time  after  the 
cleaning  is  done,  and  in  no  case  should  any  cleaned  surface  be  per- 
mitted to  remain  over  night  without  a  coat  of  paint  upon  it.  Some 
delay,  say  2  or  3  hours,  may  be  permitted  when  the  atmosphere  has 
only  slight  humidity.  When  the  atmosphere  is  surcharged  with 
humidity  the  moisture  may  gather  on  the  steel  immediately  after  it  is 
cleaned.     At  such  times  no  cleaning  or  painting  should  be  done. 

While,  as  Mr.  Snow  says,  it  may  be  considered  no  disadvantage  to 
have  some  sand  get  into  the  raw  paint,  if  it  is  to  be  subjected  to  the 
blast  action  of  locomotives;  yet  screens  are  sometimes  of  advantage 
to  prevent  too  large  a  quantity  of  sand  getting  into  the  paint  in  the 
buckets  before  it  is  applied  to  the  steel.  At  times  the  wind  may  send 
large  quantities  of  sand  back  to  the  painters  and  the  paint  become  so 
filled  with  sand  that  it  rolls  under  the  brush  and  cannot  be  spread 
properly.  It  is  not  often  found  necessary,  however,  to  use  the  screens 
between  the  nozzle-men  and  the  painters. 

The  writer  admits  freely  that  neither  the  pan  nor  the  hopper  form 
of  sand-dryer  is  scientific  or  highly  efficient.  A  rotary  dryer  is,  no 
doubt,  a  good  form,  where  power  is  available  and  the  exhaust  steam 
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may  be  utilized;  but,  at  Columbus,  Ohio,  the  power  was  from  1 200  to  Mr.  Lilly. 
2 100  ft.  from  the  places  where  the  cleaning  was  done.     No  doubt,  a 
better  sand- dryer  can  be  devised  than  any  of  those  which  have  been 
used  in  the  work  done  heretofore. 

Mr.  Seaman  urges  caution  against  the  danger  of  extending  the  use 
of  the  sand-blast  too  far  and  cleaning  steel  which  is  already  in  good 
condition  to  receive  the  paint.  The  same  thought  was  suggested  in 
the  paper,  and  it  is  certainly  true  that  good  judgment  should  be 
exercised.  The  intelligent  application  of  the  process  in  the  cases 
where  it  is  required  to  prepare  the  surface  of  the  metal  so  that  the 
paint,  when  applied,  will  adhere  properly  and  give  good  protection 
against  further  corrosion  is  all  that  is  contended  for.  For  the  reason 
that  some  of  the  paint  was  still  good,  some  parts  of  the  viaducts  named 
in  the  paper  were  not  sand-blasted  down  to  the  metal  surface,  but  rust 
spots  only  were  cleaned  away.  The  parts  where  rust  and  corrosion 
have  destroyed  the  paint,  and  where  the  paint  is  dead  and  disintegrating, 
should  be  cleaned  thoroughly;  and  the  sand-blast  seems  to  be  the  best 
process  for  such  purpose. 

The  black  or  magnetic  oxide  spoken  of  by  Mr.  Seaman  is  nearly  all 
destroyed  by  the  rusting  of  the  metal  before  the  shop  work  is  com- 
pleted, save,  perhaps,  where  the  thicker  scale  has  formed.  That  all 
the  mill  scale  is  removed  by  the  processes  through  which  the  steel 
passes  in  the  shop  is,  the  writer  believes,  putting  the  case  rather  too 
strong. 

Mr.  Fowler  suggests  permitting  the  metal  to  rust  somewhat,  in  order 
to  remove  scale  as  far  as  possible,  and  then  cleaning  it  thoroughly 
before  painting.  It  will  be  observed,  if  a  careful  examination  of  old 
structures  be  made,  that  in  many  cases  the  mill  scale  has  been  covered 
with  paint,  and  corrosion  has  attacked  the  steel  and  loosened  the  scale, 
making  centers  from  which  rust  will  extend. 

The  composition  of  mill  scale,  or,  at  least,  of  its  characteristic,  porous 
inner  layer,  makes  it  reasonable  to  expect  just  such  results.  Mill 
scale  forms  in  two  layers,  the  inner  one  being  represented  approxi- 
mately by  the  formula  6  Fe  O  +  Fe^  Oj,  and,  as  stated,  is  very  porous 
and  brittle.  The  outer  layer  contains  a  larger  but  varying  proportion 
of  Fe2  03.  The  air  and  moisture  contained  in  this  porous  scale  tend 
to  destroy  the  paint  spread  over  it  by  starting  corrosion.  This  scale 
is  magnetic.  A  galvanic  action  is  said  to  be  set  up  around  the  edges, 
and  corrosion  commences  there  and  afterward  extends  under  the  scale 
and  outward  under  the  paint.  It  is  considered  important,  therefore, 
that  the  mill  scale  be  removed  by  some  efficient  means  before  the  first 
ooat  of  paint  is  applied. 
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**'  £ndaU8t"  E-  J-  MoOaubtland,  Assoc.  M.  Am.  Soe.  0.  E.  (by  letter).— It  is 
quite  evident,  from  a  study  of  the  tests  on  concrete  and  mortar  beams 
reported  by  Mr.  Falk,  that,  in  so  far  as  they  prove  anything,  they 
prove  that  the  coefficient  of  elasticity  of  concrete  or  mortar  does  not 
increase  materially  -with  age.  However  well  established  it  may  be  that 
the  strength  of  mortar  made  from  Portland  cement  increases  with  the 
lapse  of  time,  it  is  not  established  anywhere,  as  far  as  the  writer  is 
aware,  that  the  coefficient  of  elasticity  is  affected  in  a  like  manner. 
For  the  practical  purposes  of  the  engineer,  it  is  of  more  importance  to 
know  the  properties  and  to  be  able  to  forecast  the  behavior  of  mortar 
and  concrete  during  the  earlier  stages  of  the  hardening  process.  This 
is  the  critical  period,  in  many  classes  of  work,  when  loads  must  be 
borne  by  the  structure  before  time  is  given  for  an  advanced  degree  of 
hardening.  Nevertheless,  all  reliable  information  regarding  this  im- 
portant structural  material  is  worthy  of  record. 

These  tests  are  of  interest,  and  afford  valuable  information,  despite 
the  fact  that  the  varying  mixtures  give  no  opportunities  for  compari- 
son, or  for  average  results.     This  laok  of  comparison  leaves  many 

♦This  discussion  (of  the  paper  by  Myron  S.  Falk,  Jun.  Am.  Soc.  C.  K.,  primed  m 
Proceedings  for  February,  lw3),  is  printed  in  Proceedings  in  order  that  the  Tiew* 
expressed  may  be  brought  before  all  members  of  the  "Society  for  further  discussion. 
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points  unexplained.  On  the  face  of  the  record  there  seems  to  be  no  Mr.  McCaust- 
good  reason  why  the  beam  D  should  show  a  fiber  stress  2i%  lower 
than  the  beam  B  which  contains  the  greater  proportion  of  sand,  and 
hence,  theoretically  at  least,  should  be  the  weaker  of  the  two.  The 
extremely  low  coefficient  of  elasticity  of  the  beam  D,  as  determined 
by  the  tests  on  the  half  length,  is  also  unaccounted  for. 

Beam  A  is  not  reported,  as  to  the  full-length  test,  but  the  different 
values  of  the  coefficient  of  elasticity  for  Al  and  A2  might  be  accounted 
for  by  slight  errors  in  reading  the  deflections.  The  figures  for  fiber 
stress  show  olose  coincidence.  With  the  beam  B  there  is  a  wide  varia- 
tion in  the  coefficient  of  elasticity  determined  from  tests  on  the  two 
ends.  Why  the  elasticity  of  2?,  should  be  100X  greater  than  that  for 
Bv  is  not  clear.  Beams  C  and  D  in  all  cases  show  lower  values  for  the 
elasticity  for  the  second  tests,  while  the  fiber  stress  does  not  differ 
widely  from  the  value  obtained  in  the  first  test. 

The  coefficient  of  elasticity  is  computed  properly  for  the  elastic 
deformation  only,  since  the  inclusion  of  the  total  deformation  in  any 
case  would  give  a  false  idea  of  the  properties  of  the  material.  How- 
ever, the  amount  of  this  total  deformation  is  a  matter  that  should  be 
taken  into  consideration,  practically,  since  a  mass  of  concrete  under 
stress  changes  its  character,  more  or  less,  during  the  earlier  stages  of 
the  loading,  and  subsequent  tests  may  show  materially  different  results 
from  the  initial.  The  intrinsic  properties  of  the  mass  do  not  change, 
but  there  is,  no  doubt,  a  rearrangement  of  the  molecules  and  a  redis- 
tribution of  the  initial  stresses,  which  are  due  to  hardening,  which 
may  leave  the  mass  more  compact  and  solid,  but,  whether  stronger  or 
weaker  than  before,  depends  upon  the  care  taken  in  fabrication  and 
ramming  in  the  moulds,  as  well  as  upon  the  percentage  of  water  used 
and  the  conditions  attending  the  process  of  hardening.  It  may  be  of 
interest  to  compare  the  results  with  those  obtained  from  neat-cement 
mortars  of  other  brands,  and  hence  the  following  data  are  presented. 

Table  No.  2  gives  a  record  of  results  obtained  by  the  writer  from 
flexural  tests  of  a  number  of  neat-cement  mortar  beams  made  to  deter- 
mine the  ultimate  fiber  stress  and  the  coefficient  of  elasticity.  The 
beams  were  approximately  28  ins.  in  length,  and  2x2}  ins.  in  section. 
They  were  moulded  in  the  spring  of  1902  by  Mr.  H.  B.  Stevens,  a  stu- 
dent in  the  College  of  Civil  Engineering  of  Cornell  University,  and 
were  used  in  determining  the  time  of  initial  and  final  set  of  mortar. 
Briquettes  of  the  same  mortar  were  made  in  order  to  test  the  effect  of 
varying  proportions  of  water  on  the  tensile  strength;  but  Mr.  Stevens' 
investigations  did  not  warrant  any  general  conclusion.  The  beams, 
therefore,  when  tested,  were  about  one  year  old,  and  had  been  kept, 
after  hardening  in  air,  in  the  College  laboratory,  at  a  temperature  of 
about  66°  Fahr.  Four  of  the  beams  were  of  Cayuga  Lake  Cement,  a 
brand  manufactured  near  Ithaca,  N.  Y.,  and  only  quite  recently  placed 
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Mr.  McCaust-  on  the  market. 
Portland  brand. 


The  other  three  bars  were  of  the  well-known  Empire 


The  span  was  uniformly  24  ins. ,  and  the  load  was  applied  at  the 
center  by  increments  of  20  lbs.  Deflections  were  measured  by  a  mi- 
crometer screw,  reading  to  ten-thousandths  of  an  inch.  Readings 
were  taken  for  the  permanent  deflections  of  the  bars,  after  the  appli- 
cation and  subsequent  removal  of  each  successive  load. 
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The  diagrams  on  Fig.  2  show,  as  in  Mr.  Falk's  experiments,  the 
curves  of  permanent  and  elastic  deflection;  the  intercept  between  these 
two  curves  at  any  load  is  the  value  taken  for  the  deflection  from  which 
to  compute  the  coefficient  of  elasticity.  On  Beams  2,  3  and  4  the  value 
of  E,  the  elasticity,  was  computed  for  central  loads  of  80  lbs.,  while  for 
Beams  5,  6  and  7  the  central  load  was  120  lbs . 

TABLE  No.  2. 
Span=24  ins.     Load  at  center.    Age  of  beams=l  year. 
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It  is  quite  noticeable  that  the  values  of  the  coefficient  of  elasticity  Mr.  McCaust- 
and  the  extreme  fiber  stress  for  theEmpire  Portland  beams  range  fairly  *"  ' 
close  to  those  recorded  by  Mr.  Falk,  although  these  are  of  neat-cement 
mortar  instead  of  a  mixture  of  1 : 2  or  1 : 3.  It  is  possible,  but  scarcely 
probable,  that  a  greater  age  in  these  beams  would  have  developed  a 
greater  strength  and  a  greater  degree  of  stiffness,  with  a  consequent 
rise  in  the  value  of  E. 

It  is  submitted,  however,  that  these  tests,  like  many  others  reported 
in  various  papers,  are  altogether  too  few  to  warrant  definite  conclu- 
sions. The  percentage  of  water  used  and  the  extreme  fiber  stress 
seem  to  vary  inversely,  but  this  is  by  no  means  an  established 
relation,  except  possibly  for  certain  extremes.  There  is  here  a  field 
for  a  very  definite  and  extended  series  of  experiments  with  standard 
American  brands  of  cement. 

In  addition  to  the  preceding — not  in  the  form  of  a  discussion,  but 
as  new  matter  more  or  less  related — the  results  of  certain  tests  on  con- 
crete and  mortar  columns  are  here  presented. 

These  columns  were  constructed  by  the  writer  in  February  and 
March,  1900,  in  the  laboratories  of  the  College  of  Civil  Engineering  at 
Cornell  University,  where  they  were  tested,  under  the  direction  of 
Professor  C.  L.  Crandall,  M.  Am.  Soc.  C.  E.,  with  Mr.  O.  A. 
Johannsen,  Instructor  in  Civil  Engineering,  in  direct  charge  of  the 
work. 

The  cement  used  was  Alpha  brand,  taken  from  a  fresh  supply  pro- 
vided for  use  in  the  cement  laboratory  work  of  the  college.  The  usual 
tests  did  not  show  any  abnormal  qualities.  The  sand  was  a  clean, 
fine,  and  not  especially  sharp,  bank  sand  from  Fall  Creek.  A  careful 
test  of  the  sand  grains  determined  that  the  size  of  60%  of  the  total 
weight  was  less  than  0.081  in.,  while  1Q%  was  less  than  0.044  in. 
Adopting  Hazen's  method  of  recording  sizes  of  filtering  sands,  the 
uniformity  coefficient  is  1.84.  The  stone  used  was  sandstone,  varying 
in  size  from  J  in.  to  2  ins. 

The  columns  were  circular,  10  ins.  in  diameter  and  40  ins.  long, 
constructed  in  wooden  forms  made  of  narrow  staves  held  together  by 
yokes,  which  served  the  purpose  of  hoops.  The  cement  and  sand  were 
mixed  dry  and  the  stone  added.  The  least  possible  quantity  of  water 
was  used,  so  that  when  the  forms  were  rammed  full,  very  little  moisture 
appeared  on  the  surface,  and  there  was  no  quaking  of  the  mass.  The 
forms  were  removed  after  24  hours,  and  the  columns  remained  in  the 
basement  of  the  College  building  until  tested. 

The  temperature  of  this  basement  did  not  vary  at  any  time  widely 
from  65°  Fahr.  The  columns  were  watered  at  intervals  of  about  four 
days  until  three  months  old,  after  which  no  water  was  applied.  The  tests 
were  made  on  a  Riehle*  400  000-lb.  machine,  and  shortenings  were  read 
from  micrometer  rods  placed  between  yokes  held  to  the  column  by 
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Mr.  McGaust-  set- screws.  Two  rods,  on  opposite  sides  of  the  column,  were  provided, 
and  contact  was  determined  by  an  electric  bell.  At  times  the  microm- 
eters read  widely  different  on  opposite  sides  of  a  column,  probably 
due  to  local  weaknesses,  but  in  all  cases  the  mean  of  the  readings  wag 
taken  from  which  to  determine  the  amount  of  shortening.  The  initial 
load  was  taken  throughout  as  1 000  lbs.,  which  gave  a  unit  stress  of  12} 
lbs.  per  square  inch.  On  all  columns,  except  Nos.  2,  4  and  5,  the 
loadings  were  repeated  five  times  before  advancing  to  higher  values, 
the  micrometers  being  read  at  each  application  and  release. 

The  diagrams  on  Fig.  3  show  the  stress  and  strain  curves  under  the 
first  loadings  and  also  after  a  repetition  of  the  loads,  together  with  the 
permanent -set  curves  for  the  same  conditions.  The  coefficient  of 
elasticity  is  computed  for  the  elastic  deformation  at  500  lbs.  per  square 
inch,  except  for  the  three  mortar  columns,  Nos.  17,  18  and  19,  which 
are  computed  at  a  load  of  1  000  lbs.  per  square  inch.  The  reason  for  the 
abnormal  set  shown  in  Column  No.  3,  with  the  accompanying  high 
coefficient  of  elasticity,  is  not  clear,  and  the  mean  value  of  E  for  the 
1:2:3  mixtures  is  determined  by  using  the  values  derived  for  Columns 
Nos.  1,  2  and  4  only.  The  1:3:  4  group  gives  fairly  uniform  results. 
The  1:3:5  mixture  gives  less  uniform  results,  but  is  still  within  reason- 
able limits. 

Owing  to  the  slipping  of  the  micrometers  on  Column  No.  10,  the 
stress  and  strain  diagram  for  this  specimen  could  not  be  plotted. 
This  was  true,  also,  of  Column  No.  16,  of  the  1:2:5  group.  Column 
No.  13  gives  an  unusually  low,  as  No.  14  gives  a  high,  value  of  22,  but 
these  wide  ranges  of  value  are  almost  certain  to  develop  in  tests  upon 
low  concrete  specimens  in  which  the  aggregate  bears  such  a  large  pro- 
portion to  the  total  volume.  Where  the  matrix  (cement  and  sand 
mortar)  is  but  slightly  in  excess  of  the  volume  of  voids  in  the  aggre- 
gate, it  is  almost  impossible  to  get  a  homogeneous  mixture  and  to 
preserve  the  homogeneity  of  the  mass  while  it  is  being  placed  in  posi- 
tion and  rammed.  Segregation  is  bound  to  occur,  with  resulting 
abnormal  qualities,  as  made  evident  by  many  tests. 

The  low  unit  stresses  developed  by  the  6-in.  cubes  are  no  doubt  due 
to  the  difficulty  in  moulding  such  a  small  block  of  fairly  representative 
material.  The  writer  believes  that  concrete  cubes  for  crushing  tests 
should  never  be  less  than  8  ins.  on  edge,  and,  preferably,  12  ins.  There 
is  a  wide  difference  between  the  results  obtained  from  crushing  tests 
on  12-in.  and  on  6-in.  cubes  made  from  the  same  batch  of  concrete. 
Any  form  of  test,  on  a  concrete  specimen,  loses  in  value,  unless  the 
specimen  can  be  assumed,  without  question,  to  be  fairly  representa- 
tive in  character.  Hence,  two  general  principles  should  govern  in  the 
preparation  of  the  material  for  testing: 

First. — Acquire  and  place  on  record  a  complete  and  comprehensive 
knowledge  of  every  item  which  might  determine  or  affect  the  physical 
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Mr.  McCaust-  or  mechanical  properties  of  the  specimen.  Character,  composition 
quality  and  form,  as  well  as  proportions  and  methods  of  fabrication, 
should  form  an  important  part  of  the  history  of  a  test  specimen. 

Second, — Keep  in  mind  the  practical  limitations  of  commercial  use. 
and  avoid,  if  possible,  the  wide  gaps  which  too  often  exist  between 
laboratory  results  and  those  which  may  reasonably  be  expected  in  the 
field  of  "first-class  work." 
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Discussion.* 


By  Messrs.  W.  E.  Crane,  Boyd  Ebxe,  Wilmam  H.  Burr  and 
George  B.  Morison. 


W.  E.   Crane,  Jun.  Am.  Soc.  C.  E.  —That  part  of  the  discussion  Mr.  Crane, 
relating  to  the  Pacific  terminal  of  the  canal  has  interested  the  speaker 
very  much,  and  he  would  like  to  suggest  to  the  author  that  it  should 
be  discussed  further. 

The  length  of  the  canal  is  approximately  48  to  45  miles,  and  the 
coastal  plain  on  the  Pacific  Coast  is  about  6  miles  in  width.  It  may 
be  assumed  that  the  distance  thus  taken  is  measured  from  mean  high 
water  on  the  Pacific  Coast  to  mean  high  water  on  the  Atlantic  Coast. 
The  City  of  Panama  is  situated  on  a  point,  and  its  elevation  is  but  a 
few  feet  above  the  Pacific  Ocean.  At  extreme  low  tides,  there  is  ex- 
posed a  mud  flat  extending  into  the  ocean  3  to  5  miles,  possibly  a 
greater  distance.  Coast  line  vessels  anchor  near  the  three  islands 
which  are  from  4  to  5  miles  from  the  Panama  dock.  The  terminal  of 
the  canal  is  about  2  miles  along  the  shore  above  Panama. 

The  speaker  visited  this  section  of  country  in  1896,  and  remembers 
a  discussion,  on  the  day  he  was  at  this  terminal,  relating  to  the  direction 
and  distance  from  the  shore  line  to  deep  water,  the  width  and  depth 
of  excavation,  and  the  method  proposed  for  protecting  the  banks,  the 
probable  cost  of  this  section,  what  action  the  winds  and  waves  would 
have  on  the  banks  of  the  canal,  and  how  much  dredging  would  be  re- 
quired annually  in  this  section  of  the  canal. 

*  Continued  from  March,  1008,  Proceedings.  See  January,  1008,  Proceedings,  for 
paper  on  this  subject  by  George  S.  Morison,  Past-President,  Am.  Soc.  C.  E. 
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Mr.  Crane.  Mr.  Harrison  has  mentioned  this  portion  of  the  canal,  but  only  as 
to  the  depth  advisable  to  permit  vessels  (especially  war  ships)  to 
enter  the  canal  at  extreme  low  tide. 

A  further  discussion  of  the  Pacific  terminal,  by  members  who 
understand  the  conditions  and  have  had  access  to  the  plans  and  esti- 
mates, would  be  very  interesting  and  beneficial. 
Mr.  Ehie.  Boyd  Ehle,  Assoc.  M.  Am.  Soc.  C.  E. — As  usual,  Mr.  Morison,  in 
his  statement  of  facts,  has  left  little  to  be  said.  In  the  discussion, 
however,  certain  statements  have  been  made  which  do  not  agree  with 
the  speaker's  knowledge  of  actual  conditions  observed  on  the  Isthmu> 
M  various  times  in  years  of  service  on  the  surveys  and  canal  work. 

The  Chagres  is  not  subject  to  great  scouring  action,  and  there  can- 
not be  many  of  the  dangers  predicted  regarding  the  silting  up  of  the 
channel.  Above  Alhajuela  the  Chagres  is  simply  a  mountain  stream, 
running  part  of  the  way  through  rocky  gorges.  The  soil  is  not  a 
lava  ash,  as  has  been  assumed,  but  is  a  clay  held  in  place  by  the  rank 
vegetation  of  the  tropics.  Below  Alhajuela  and  nearer  to  the  canal 
location  there  is  some  alluvial  soil,  but  of  no  great  extent,  and  thi*, 
in  the  case  of  a  lock  canal,  would  form  part  of  a  lake  bottom,  and 
would  not  be  affected  by  the  slight  current  to  which,  in  Lake  Bohio. 
even  the  great  floods  will  be  reduced. 

Although  the  lock  plan  provides  a  certain  solution  of  the  flood 
problem,  by  the  use  of  the  Gigante  Weir,  the  question  is  often  asked, 
"  Why  not  divert  the  Chagres  to  the  oceans"?  This  was  examined 
closely  enough  by  the  Panama  Canal  Company  to  show  that  there 
were  no  evident  possibilities  in  that  line.  Surveys  were  made  to  find 
the  shortest  tunnel  line  possible,  but  the  results  gave  no  hope  of 
anything  feasible  and  economical,  and  the  idea  was  abandoned. 

The  Tiger  Hill  cut-off  undoubtedly  has  some  merits  not  possessed 
by  the  river  line,  and  these,  as  stated  by  Mr.  Morison  in  a  preliminary 
way,  will  lead  probably  to  its  thorough  examination  in  the  future. 
It  could  not  be  incorporated  in  the  careful  and  conservative  report  of 
the  Isthmian  Canal  Commission,  it  is  said,  on  account  of  the  lack  of 
data.  This  will  not  be  against  it  in  a  future  study,  and  its  merits  and 
disadvantages  will  no  doubt  be  weighed  properly  by  the  Commissioa 
before  actual  construction  is  started. 

The  solution  of  the  canal  problem  by  the  construction  of  a  sea- 
level  canal  has  never  appeared  to  the  speaker  as  an  engineering  solu- 
tion, as  engineering  is  usually  defined.  There  have  never  appeared  to 
be  any  compensating  advantages  for  such  an  excessive  extra  expendi- 
ture of  money  and  time,  and  none  appears  to  have  been  stated  clearly 
and  sustained. 

Nature,  through  the  tides,  makes  one  lock  necessary,  and  that,  dur- 
ing most  of  the  time,  is  the  check  on  the  canal's  usefulness,  as  sure!} 
as  more  locks,  provided  they  are  in  good  order.     The  time  gained  in 
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doing  away  with  the  locks  is  insignificant  in  comparison  with  that  Mr.  Ehie. 
required  for  the  long  journey  around  The  Horn  which  the  lock  canal 
will  save.  It  cannot  have  any  recognizable  value,  as  far  as  can  be 
seen  in  the  future.  When  it  has  such  a  value,  probably  canals  will 
not  be  necessary,  and  the  air,  instead  of  the  water,  will  be  the  high- 
way of  communication.  It  is  true  that  locks  are  likely  to  be  deranged, 
but  should  not,  as  an  engineer's  work,  be  likely  to  fail;  besides,  as  a 
precautionary  measure,  the  plans  of  the  Commission  provide  for  twin 
locks. 

The  question  of  a  sea-level  canal  is  not  an  imminent  one,  as  it  is 
perfectly  feasible  to  cut  a  lock  canal  to  a  sea-level  canal  at  any 
time  in  the  future,  if  so  desired;  and  it  can  be  safely  left  to  the  en- 
gineers of  the  future  to  decide  whether  a  sea-level  canal  is  required. 

It  Reems  that  all  the  schemes  for  the  control  of  the  Chagres  in  rela- 
tion to  a  sea-level  canal  were  never  worked  out  in  detail.  There  was 
much  procrastination  on  this  problem  by  the  French  Company,  and 
their  tardy  plan,  after  the  failure  of  the  first  company,  has  never  re- 
oeived  any  very  enthusiastic  encomiums  from  the  engineers  who  have 
reviewed  it. 

A  sea-level  canal  would  be  exposed  to  all  the  troubles  produced  by 
the  great  floods  of  the  Chagres,  with  little  chance  for  any  protec- 
tion. One  scheme  for  the  control  of  floods,  however,  would  be  the 
Tiger  Hill  location,  which  would  take  the  canal  out  of  the  lowest  part 
of  the  valley  and  into  a  safe  position  from  Bohio  to  Colon. 

The  decrease  in  the  height  of  the  locks  would  seem  to  be  desirable 
if  contrasted  with  the  loss  of  time  incident  to  the  operation  of  an  extra 
lock,  as  a  proper  measure  of  conservatism,  provided  no  serious  diffi- 
culties were  encountered  in  its  construction. 

Another  point  is  that  of  decreasing  the  cost  on  the  Pacific  side  by 
taking  advantage  of  the  rise  of  the  tide.  This  would  seem  to  be  a  proper 
utilization  of  Nature's  forces— as  much  so  as  a  switch-back  over  a 
mountain  before  a  railway  is  built  through  it.  Why  not  try  it?  A 
few  hours  of  time  are  nothing  compared  with  the  days  of  steaming  by 
the  Oregon.  When  the  demand  becomes  imperative,  and  the  few  hours. 
saved  would  mean  a  proper  return  on  the  outlay,  then  build  it  as  deep 
as  such  value  will  justify. 

As  to  the  case  of  a  fleet,  in  the  rare  case  of  war,  being  at  a  disad- 
vantage if  divided  by  the  fall  of  the  tide,  it  appears  that  the  enemy 
-would  be  in  as  great  trouble;  however,  that  is  a  very  remote  contin- 
gency. 

Wilmam  H.  Btjrr,  M.  Am.  Soc.  C.  E. — In  this  paper  Mr.  M orison  Mr.  Burr, 
lias,  among  other  things,  set  forth  in  deserving  prominence  some  of  the 
salient  features  of  the  Isthmian  Canal  Company's  plan  for  the  Panama 
Canal  and  his  proposed  modifications  of  them,  which  latter  were  also 
mostly,  if  not  entirely,  fully  considered  by  the  Isthmian  Canal  Commift- 
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Mr.  Burr.  sion.     There  is  obviously  a  little  delicacy  in  entering  into  the  discus- 
sions in  much  detail  which  took  place  in  the  Commission  regarding 
these  or  other  matters,  and  it  is  the  speaker's  purpose  to  consider,  as 
any  member  of  the  Society  may,  only  the  salient  engineering  features 
of  the  matter.     It  may  be  said  with  propriety  that  the  shortened  line 
between  Bohio  and  Colon  was  considered  carefully  by  the  Commission, 
but  only  a  limited  examination  was  given  to  it  in  the  field.     This  line 
is  an  old  one,  and  was  probably  first  proposed  by  Commander  E.  P. 
Lull,  U.  S.  N.     It  possesses  undoubted  merits,  and  is  worthy  of  care- 
ful consideration  before  final  construction  is  undertaken,  but  in  dis- 
cussing this  feature  at  this  time  two  things  are  to  be  carefully  borne 
in  mind;  the  first  is  the  incompleteness  of  the  actual  examinations 
made  on  this  shortened  route,  and  the  second  is  the  fact  that  a  large 
amount  of  work  has  already  been  done  on  the  French  line  between 
Bohio  and  Colon.     It  is  hazardous  to  make  an  exact  prediction  of  cost 
in  the  absence  of  necessary  information  on  which  to  base  it.     Appar- 
ently, a  comparatively  small  amount  of  money  might  possibly  be  saved 
by  adopting  the  Lull  line,  but  that  cannot  be  stated  confidently  in 
the  absence  of  complete  borings  and  other  requisite  examination*.     A 
serious,  but  not  insuperable,  objection  is  the  considerable  amount  of 
embankment  necessary  between  Bohio  and  Tiger  Hill.  These  embank- 
ments may  reach  the  height  of  25  ft. ,  and  possibly  a  little  more.  While 
such  embankments  may  be  made  safe,  and  are  entirely  justifiable 
under  conditions  such  as    those  existing  in    connection    with    the 
Nicaragua  route,  they  certainly  are  not  desirable,  and  they  should  be 
avoided  unless  necessity  exists  for  them,  or  adequate  compensating 
advantages  are  attained. 

Again,  the  adoption  of  this  shortened  line  and  the  Tiger  Hill  locks 
involves  the  loss  of  time  by  a  vessel  traversing  the  canal  necessary  to 
make  the  additional  lockage.  As  the  gain  in  distance  is  only  about  l\ 
miles,  the  increased  time  required  to  pass  the  lock  would  be  far  more 
than  that  necessary  to  make  the  added  distance  by  the  French  line. 
The  introduction  of  the  additional  lockage,  therefore,  would  be  a 
sensible  loss  of  time  in  passing  through  the  canal,  in  fact,  so  great  a 
loss  of  time  as  to  increase  materially  the  time  of  passage  over  that 
required  by  the  adopted  line.  In  other  words,  for  the  purposes  of 
navigation,  the  canal  would  actually  be  lengthened  by  the  Tiger  Hill 
line  and  lock.  The  additional  lock  would  also  increase  the  oppor- 
tunities of  accident  at  the  lock  gates,  with  the  added  chance  of  destruc- 
tion of  the  short  Tiger  Hill  level  by  an  accident  at  the  Bohio  gates 
suddenly  releasing  the  lower-lock  volume  of  water. 

If  the  work  of  constructing  the  canal  were  to  be  begun  as  an 
entirely  new  project,  it  is  not  unlikely  that  the  shortened  line  between 
Colon  and  Bohio  without  a  lock  might  be  preferable  to  that  on  -which 
so  much  has  now  been   completed.     With  the  conditions  actually 
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existing,  however,  it  is  the  speaker's  judgment  that  complete  examina-  Mr.  Burr, 
tions  along  the  shortened  or  Lull  line  would  show  little  or  no  differ- 
ence in  cost  of  completion. 

It  is  true,  as  Mr.  Morison  states,  that  the  locks  planned  by  the 
Isthmian  Canal  Commission  are  larger  than  those  which  have  ordi- 
narily been  constructed,  and  yet  such  locks  as  those  built  at  Sault  Ste. 
Marie  save  the  construction  of  the  Isthmian  Canal  locks  from  being 
violent  departures  from  precedent,  even  with  their  material  increase 
of  lift.  The  massive  masonry  construction  and  other  large  features  of 
these  proposed  locks  would  probably  frighten  few  civil  engineers,  nor 
do  they  involve  sufficiently  difficult  operations  either  of  design  or  con- 
struction to  make  it  necessary  to  incur  the  construction  of  extensive 
embankments  to  avoid  them.  It  is  not  unlikely  that  many,  if  not 
most,  engineers  would  prefer  to  avoid  the  embankments  by  resorting 
to  locks  of  high  lift. 

It  has  been  shown,  in  the  discussion  of  a  proposed  plan  for  the 
Bohio  Dam  by  Mr.  Morison,  that  the  consideration  of  seepage  involves 
about  as  great  uncertainties  as  can  ordinarily  be  attached  to  engineer- 
ing speculation,  and,  indeed,  that  no  quantitative  results  can  be  pre- 
dicted confidently  in  regard  to  it.  Hence  it  is  scarcely  required  to 
give  detailed  consideration  to  such  a  feature  of  the  work.  It  may  be 
stated,  however,  that  it  is  not  quite  clear  how  the  seepage  under  a  dam 
«t  Bohio  placed  on  porous  material  would  be  affected  by  the  proposed 
Tiger  Hill  level.  The  total  head  between  the  surface  of  the  water  in 
Lake  Bohio  and  that  in  the  river-bed  below  the  dam,  or  dam  and  canal, 
would  remain  unchanged,  and  as  the  seepage  through  such  open  and 
porous  material  would  depend  upon  that  head  it  could  be  modified 
only  by  the  slightly  lengthened  seepage  channel.  The  amount  of  see- 
page, therefore,  cannot  reasonably  be  supposed  to  be  changed  sensibly 
by  this  feature.  Some  recent  experiences  of  the  speaker,  in  connection 
with  the  seepage  or  flow  of  water  through  fine  sand,  or  fine  sand  and 
silt,  have  impressed  him  in  a  marked  manner  with  the  danger  attend- 
ing the  construction  of  a  dam  built  on  porous  material,  which  he 
pointed  out  in  his  discussion  on  Mr.  Morison's  paper  on  "The  Bohio 
Dam." 

There  are  two  other  features  of  the  modified  canal  plan  brought 
out  by  Mr.  Morison  which  may  be  treated  largely  as  one,  namely, 
decreasing  the  depth  of  excavation  in  the  Culebra  Cut  by  3  ft.  and  the 
depth  of  excavation  in  the  entrance  channel  of  Panama  Bay  by  10  ft. 
The  proposition  to  raise  the  bottom  of  the  excavation  in  Culebra  Cut 
3  ft.  to  Elevation  -f  50,  instead  of  retaining  it  at  Elevation  +  47, 
recommended  by  the  Commission,  would  trench  seriously  upon  the 
capacity  of  the  canal  for  ships  of  the  greatest  draft.  Obviously,  it 
must  be  recognized  that  by  far  the  great  majority  of  ships  passing 
through  the  canal  will  have  considerably  less  than  the  maximum  draft. 
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Mr.  Burr.  At  the  same  time  it  is  also  to  be  remembered  that  the  purpose  of  this 
canal  construction,  as  expressed  in  the  language  of  the  law  on  which 
the  instructions  to  the  Commission  were  based,  is  to  afford  accommoda- 
tion for  the  greatest  ships  afloat.  It  is  only  reasonable  to  suppose 
that  this  expression  meant  complete  accommodation  and  not  partial 
accommodation  during  some  seasons  of  the  year  or  stages  of  the  tide. 
This  restriction  in  the  canal  would  lead  to  seasonal  restriction  of  navi- 
gation capacity,  which,  however,  might  be  partially  compensated  or 
relieved  by  the  construction  of  the  Alhajuela  Reservoir. 

The  decrease  of  depth  of  10  ft.  in  the  Panama  Channel  would  be  a 
daily  restriction  of  navigation  capacity,  since  the  throttling  effect  of 
the  diminished  channel  depth  would  occur  at  every  tide.  For  one- 
fourth  of  the  entire  time  the  canal  would  be  shorn  of  its  greatest 
capacity.  Even  if  it  be  admitted  that  the  maximum  delay  of  any  ship 
wduld  not  be  more  than  6  hours,  there  are  conditions  under  which  that 
might  be  serious.  This  consideration  carries  with  it  greater  gravity  in 
that  it  would  affect  the  largest  ships. 

These  features  were  considered  most  carefully  by  the  Commission, 
but  it  seems  to  the  speaker  that  the  decision  to  plan  a  canal  possessing 
the  maximum  prescribed  capacity  was  wise  and  should  not  be  departed 
from.  If  the  United  States  Government  is  to  complete  a  great  canal 
across  the  Isthmus  for  the  purpose  of  affording  the  freest  waterway 
for  ships,  the  accommodations  provided  should  be  subject  to  no 
throttling  or  other  substantial  restriction  of  a  diminished  canal  depth 
at  its  central  portion  or  at  either  extremity.  Such  material  disad- 
vantages would  constitute  objections  so  serious  that  the  demand  to 
relieve  them  would  probably  follow  closely  the  opening  of  the  canal. 

The  practicability  of  a  sea- level  canal  across  the  Isthmus  of  Panama 
is  much  more  real  than  has  ordinarily  been  considered,  as  Mr.  Moriaon 
shows,  and  as  indicated  so  clearly  in  the  report  of  the  Isthmian  Canal 
Commission.  In  the  event  of  such  a  construction  it  would  und  oubt edly 
be  wise  to  make  the  canal  prism  of  such  area  of  section  as  to  receive 
the  flood  waters  of  the  Chagres  modified  by  the  storage  resulting  from 
the  construction  of  the  Alhajuela  Dam.  The  question  of  the  area  of 
the  prism  is  in  reality  the  greatest  single  question  involved  in  the  sea- 
level  plan,  and  whether  an  area  of  section  of  even  15  000  sq.  ft. ,  men- 
tioned by  Mr.  M orison,  would  be  sufficient  is  not  yet  determined. 
Further,  it  is  a  serious  question  whether,  even  with  an  additional 
expenditure  of  #125  000  000  or  more,  and  the  greatly  extended  time 
required  for  construction,  it  would  not  be  the  part  of  real  wisdom  for 
the  United  States  Government  to  undertake  at  once  the  sea-level  plan. 
rather  than  the  elevated  plan,  with  its  advantages  of  reduced  cost  anu 
shortened  time. 
Mr.  Morison.  Georqe  S.  Morison,  Past -President,  Am.  Soc.  C.  E.  (by  letter  . — 
The  question  of  lift  of  locks  is  one  on  which  the  writer  feels   more 
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doubt  than  he  does  about  any  other  point.     The  addition  of  the  third  Mr.  Morfson. 

lock  means  more  gates  and  more  possible  risks ;  it  increases  the  time 

of  passage  by  the  time  necessary  to  pass  through  the  additional  lock. 

The  additional  risk  is  not  serious,  since  the  destruction  of  a  gate  in 

the  Tiger  Hill  lock  would  not  affect  the  water  in  the  summit  level, 

and  the  gate  could  readily  be  replaced.     Furthermore,  by  keeping  the 

lifts  of  the  locks  practically  uniform  throughout,  the  number  of  spare 

gates  which  must  be  kept  on  hand  for  repairs  and  renewments,  would 

be  reduced.     The  time  required  by  the  extra  lock  does  not  appear  to 

be  of  material  importance.     The  time  required  to  pass  through  the 

canal  will  be  a  matter  of  convenience  of  meeting  points  more  than  of 

close  calculations  of  speed.    As  many  vessels  as  possible  will  meet  in 

Lake  Bohio,  and  under  any  plan  it  will  take  longer  to  pass  from 

Panama  Bay  to  Lake  Bohio  than  from  Colon  Harbor  to  Lake  Bohio. 

The  total  distance  from  the  shore  end  of  the  enlargement  for 
Colon  Harbor  to  the  shore  end  of  the  wide  channel  through  the  mud 
flats  in  Panama  Bay  is  41  or  42  miles.  This  is  divided  into  two  canals 
by  a  lake  more  than  12  miles  long  in  the  middle;  13  or  14  miles  of 
canal  navigation,  not  including  locks,  lie  between  Colon  Harbor  and 
the  lake;  a  little  more  than  14  miles  of  canal  navigation,  not  includ- 
ing locks,  lie  between  Panama  Bay  and  the  lake.  It  is  the  navigation 
of  these  two  canal  sections  which  will  regulate  the  passage  across  the 
Isthmus.  While  the  speed  of  steamers  through  the  canal  will  vary 
with  their  size,  the  time  which  a  ship  of  mean  dimensions  would  take 
to  pass  through  these  two  sections  may  be  estimated  as  follows,  the 
speed  in  the  canal  being  taken  at  five  miles  per  hour: 

Colon  Harbor  to  Tiger  Hill  lock,  7.28  miles..  1  hour  27  minutes 

Tiger  Hill  lock 45       " 

Tiger  Hill  lock  to  Bohio  locks,  5. 73  miles. . .  1     "       9       ' « 
Bohio  double  locks 1     "     15       *  * 

4  hours  36  minutes 

Panama  Bay  to  Mirafiores  lock,  4. 15  miles . .  50  minutes 

Mirafiores  lock 45       " 

Mirafiores  lock  to  Pedro  Miguel  locks,  1.34 

miles 16 

Pedro  Miguel  double  locks 1  hour  15       " 

Pedro  Miguel  locks  to  Lake  Bohio,  8. 84  miles.  1     "     46 

4  hours  52  minutes 

This  time  could  be  reduced  for  smaller  vessels;  it  will  be  exceeded 
by  the  largest  vessels.  It  may  be  said,  in  a  general  way,  that  the 
time  required  to  pass  from  either  ocean  into  the  interior  lake  will  not 
t>e  less  than  four  hours,  and  it  should  not  exceed  five  hours,  except 
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Mr.  Morison.  for  the  very  largest  class  of  ships.  To  these  figures  should  be  added 
the  time  required  to  pass  through  the  lake  and  the  time  lost  in  Colon 
Harbor  or  Panama  Bay.  It  would,  perhaps,  be  fair  to  add  an  hour 
for  each  of  these  terminals,  and  1J  hours  for  the  passage  of  the  lake; 
this  would  make  the  total  time  required  for  the  passage  of  the  canal 
from  10.5  to  12.5  hours. 

Many  steamers  would  take  coal  at  Colon,  and  all  would  have  to  stop 
at  the  entrance  port  to  pay  tolls,  take  pilots,  etc.  There  would  be  abund- 
ant room  to  tie  up  vessels  in  the  broad  harbor  section  at  the  Colon  end. 
There  is  abundant  anchorage  in  Panama  Bay,  the  distance  from  the  canal 
entrance  to  this  anchorage  being  determined  by  the  size  of  the  ship  and 
other  considerations.  There  is  ample  room  for  ships  to  anchor  in  Lake 
Bohio,  where  they  could  get  fresh  water,  and,  if  necessary,  make 
slight  repairs.  It  is  not  probable  that  either  section  of  canal  would 
be  traversed  by  night,  except  by  the  smallest  class  of  vessels  and  in 
emergencies.  Ships  would  prefer  to  enter  the  canal  from  either  end 
about  daylight  or  soon  after  noon.  Ships  entering  in  the  morning 
would  make  a  daylight  passage,  meeting  in  Lake  Bohio.  Ships  enter- 
ing after  noon  would  spend  the  night  in  Lake  Bohio  and  pass  out  on 
the  following  morning,  proceeding  under  despatch  orders  and  meeting 
the  inbound  ships  at  the  locks.  The  Tiger  Hill  lock  will  be  approxi- 
mately half  way  between  Colon  and  Lake  Bohio,  and  the  Pedro 
Miguel  locks  are  approached  in  about  the  same  length  of  time  from  the 
lake  and  from  Panama  Bay. 

The  intermediate  level  would  reduce  the  seepage  head  between  the 
lake  and  the  level  below  the  dam  one-third,  and  increase  the  distance 
through  which  seepage  must  pass  between  the  lake  and  the  lower 
level  of  the  Chagres  at  least  three  times.  The  estimated  seepage  wo  aid 
therefore  be  reduced  one-third.  The  writer,  however,  considers  that 
this  question  of  seepage  was  covered  in  the  discussion  of  the  previous 
paper,*  and  does  not  believe  that  this  reduction  would  be  of  suffi- 
cient advantage  to  have  any  important  bearing  on  the  main  question. 
The  saving  of  distance  by  the  use  of  the  Tiger  Hill  line  is  also  of  little 
value,  but  the  saving  of  curvature  is  more  important.  The  great  ad- 
vantage of  this  location,  however,  is  that  it  keeps  away  from  the  low 
valley  of  the  Chagres  at  places  where  the  exposure  is  greatest.  A 
small  map  has  been  prepared  showing  in  detail  the  present  course  of 
the  Chagres,  and  the  two  swamps  through  which  the  overflow  of  the 
spillway  must  be  taken  if  the  old  location  is  followed,  and  indicating 
the  land  which  is  less  than  10  m.,  or  33  ft.,  above  tide  level. t  Below 
the  dam  the  Chagres  no  longer  follows  its  old  bed,  but  for  five  miles 
runs  through  the  canal,  its  old  crooked  course  having  been  silted  up, 
and  from  this  five  miles  it  must  be  excluded  if  the  French  location  is 


*  "  The  Bohio  Dam."  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLVI1I,  p.  885. 
tThis  map  not  received  in  time  for  reproduction  here;  it  will  appear  with  this   dis- 
cussion when  printed  in  Vol.  L  of  Transactions. 
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adopted.  If  the  lower  location  is  adopted  a  channel  must  be  cut  Mr.  Mortaon. 
through  the  ridge  between  the  two  swamps,  and  the  canal  must  be 
protected  by  levees  for  at  least  five  miles.  This  is  undoubtedly  practi- 
cable and  can  be  made  safe,  but  safety  is  always  a  measure  of  degree. 
The  levees  built  for  this  purpose,  which  would  be  exposed  to  the 
wash  of  a  flooded  river,  would  be  a  more  serious  matter  than  the  risk 
to  the  small  embankments  required  to  sustain  the  canal  on  the  Tiger 
Hill  location.  The  latter  embankments  would  be  exposed  to  no  such 
wash,  and  the  spoil  from  the  canal  would  be  enough  to  make  them  sev- 
eral hundred  feet  thick.  Furthermore,  the  indications  are  that  it  would 
cost  less  to  build  the  Tiger  Hill  line  at  tide  level  to  the  Bohio  Locks 
than  to  complete  and  protect  a  canal  on  the  original  location.  The 
writer,  however,  favors  the  intermediate  lock. 

The  proposition  to  raise  the  bottom  of  the  canal  through  the 
Culebra  Cut  3  ft.,  as  described  in  the  paper,  would  not  necessarily 
affect  the  use  of  the  canal  for  ships  of  the  greatest  draft.  The  depth 
of  35  ft-  was  selected,  to  allow  ships  drawing  32  ft.  to  pass  easily 
through  it.  If  the  precedent  of  the  Manchester  8hip  Canal  is  fol- 
lowed, ships  drawing  32  ft.  could  always  be  handled,  although  it  would 
be  hard  to  steer  them.  The  writer,  however,  did  not  propose  to  reduce 
the  depth  through  this  summit  level,  but  suggested  that  there  were 
other  methods  of  maintaining  it,  besides  increasing  the  depth  of  this 
cut.  The  cost  of  the  Alhajuela  Dam  will  differ  but  little  from  the  cost 
of  this  3-ft.  additional  excavation,  and  will  provide  a  much  greater 
supply  of  water.  If  the  construction  of  this  dam  is  postponed  until 
the  completion  of  the  canal,  the  cost  of  building  a  railroad  to  the  dam 
site  will  be  saved,  as  it  can  then  be  reached  by  water,  and  other 
economies,  which  attend  the  postponement  of  work  until  the  rush  is 
over,  can  be  realized.  It  is  not  improbable  that  all  the  necessary 
water  can  be  stored  by  the  use  of  flash-boards,  one  of  the  cheapest 
devices  ever  made. 

The  principal  objections  raised  to  reducing  the  depth  on  the  Pacific 
level  relate  to  military  rather  than  commercial  conditions.  It  must  be 
remembered,  however,  that  the  largest  merchantmen  of  to-day  are 
twice  as  big  as  the  largest  naval  vessels,  and  that  there  are  practi- 
cally no  naval  vessels  which  draw  over  30  ft.  Furthermore,  no 
fleet  consists  entirely  of  the  heaviest  class  of  ships,  but  every 
fleet  contains  a  number  of  comparatively  light-draft  boats,  used 
for  despatch  service  and  other  purposes.  If  we  assume  that  an 
entire  fleet  is  taken  through  the  canal  at  once,  a  very  improbable  sup- 
position, the  heavy-draft  fighting  ships  will  either  precede  or  follow 
the  light-draft  ships,  according  as  they  expect  to  encounter  a  hostile 
fleet  in  front  of  or  behind  them.  It  would  take  approximately  an 
hour  to  pass  from  deep  water  in  Panama  Bay  to  the  Miraflores  Lock. 
Assuming  six  hours  as  the  length  of  time  from  mean  tide  to  mean  tide, 
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Mr.  Morison.  this  would  leave  five  hours  for  the  passage  of  the  locks,  which,  allowing 
half  an  hour  for  each  passage,  special  preparations  being  made,  and 
using  both  locks,  would  enable  20-ft.  deep-draft  fighting  ships  to  pass 
from  Panama  Bay  into  the  canal  on  a  single  tide.  It  is  not  probable 
that  any  such  number  of  deep-draft  ships  will  ever  be  concentrated  in 
a  single  fleet. 

It  is  the  writer's  opinion  that  the  advantages  offered  by  Lake  Bohio 
as  an  interior  lake  which  divides  the  transit  into  two  short  canals  more 
than  make  up  for  the  delays  and  limitations  of  the  locks.  The  strong- 
est argument  in  favor  of  the  tide-level  canal  is  the  vulnerability  of  the 
locks.  In  time  of  war  the  canal  might  be  closed  entirely  by  a  small 
guerrilla  force.  An  accident,  by  which  a  heavy  steamer  carried  away 
the  gates  of  a  lock,  occurring  near  the  beginning  of  the  dry  season, 
might  lead  to  the  depletion  of  water  in  the  lake  to  such  an  extent  that 
navigation  by  deep-draft  vessels  would  be  impeded  for  several  months. 
No  such  accident  could  occur  to  the  single  tide  lock  required  for  the 
tide-level  canal,  The  danger  from  malicious  destruction  may  be 
neglected,  as  the  same  harm  could  be  done  in  various  ways,  although 
not  as  easily,  in  a  tide-level  canal.  The  gate  must  be  kept  safe  by 
constant  care,  and  undoubtedly  some  device  can  be  made  by  which 
the  discharge  through  the  locks,  when  the  gates  are  broken,  can  be 
stopped.  Although  the  writer  would  prefer  a  tide-level  canal  when 
completed,  he  believes  that  it  would  be  a  serious  mistake  to  undertake 
the  tide-level  plan  at  once. 
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Note.— Memoirs  will  be  reproduced  in  the  Volumes  of  Transactions.  Any  informa- 
tion which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  th*  Secretary  prior  to  the  final  publication. 


THOMAS  CURTIS  CLARKE,*  Past  President,  Am.  Soc.  C.  E. 


Died  June  15th,  1901. 


Thomas  Curtis  Clarke,  the  youngest  son  of  Samuel  Clarke,  of 
Boston,  Massachusetts,  was  born  on  September  5th,  1827,  in  Newton, 
Massachusetts.  It  is  a  tradition  that  his  earliest  known  ancestor, 
Thomas  Clarke,  of  Plymouth,  came  over  in  the  Mayflower,  as  Mate..  If 
so,  he  went  back  to  England  in  that  vessel,  for  he  arrived  the  next 
year  as  passenger  in  the  Anne  and  settled  in  Plymouth.  He  was  a 
man  of  some  note,  and  several  of  his  personal  belongings  are  to  be 
seen  among  the  relics  preserved  in  Forefathers  Hall  in  that  town.  Mr. 
Clarke's  grandfather,  Major  Samuel  Clarke,  of  Boston,  married  Martha, 
daughter  of  Obadiah  and  Martha  Curtis,  members  of  a  prominent 
Boston  family.  Mr.  Clarke's  father  was  a  man  of  varied  talents,  both 
scientific  and  artistic,  and  his  mother  was  a  daughter  of  General 
William  Hull,  of  Revolutionary  fame,  and  a  first  cousin  of  Commodore 
Isaac  Hull,  commander  of  the  frigate  Constitution  (Old  Ironsides)  when 
she  destroyed  the  English  frigate  Guerrlere. 

Mr.  Clarke  had  four  brothers  and  one  sister,  the  best  known  of 
them  being  the  Reverend  James  Freeman  Clarke,  a  Unitarian  preacher 
and  author,  named  for  his  grandfather,  the  Reverend  James  Freeman, 
who  married  Martha  (Curtis),  the  widow  of  Major  Samuel  Clarke.  It 
was  from  such  antecedents  that  Mr.  Clarke  inherited  the  literary  and 
artistic  tastes  which  characterized  him,  and  which  were  second  only  to 
his  engineering  ability. 

Mr.  Clarke's  early  training  was  given  by  his  grandmother,  Mrs. 
Freeman,  with  whom  he  lived  while  a  child.  He  says  of  her:  "She 
taught  me  to  read  and  to  speak  the  truth."  She  may  also  have  taught 
him  his  characteristic  modesty  and  self-effacement.  From  1841  to 
1844  Mr.  Clarke  fitted  for  College  at  the  Boston  Latin  School,  under 
th.e  famous  Master,  Francis  Gardner.  In  the  latter  year  he  entered 
Harvard,  and  was  graduated  in  the  summer  of  1848,  on  which  occasion 
lie  officiated  as  class  poet. 

Mr.  Clarke  had  intended  to  study  the  Law;  but,  being  in  delicate 
health  at  that  time,  he  decided  to  adopt  the  profession  of  Civil  Engi- 
neering. He  obtained  a  position  in  the  Engineering  Corps  of  the 
Mobile  and  Ohio  Railway,  under  Captain  John  Childe,  the  foremost 

*  Committee  appointed  by  the  Board  of  Direction  to  prepare  this  memoir:  John  F. 
O'Rourke,  Adolpnus  Bonzano  and  Eliot  C.  Clarke. 
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railroad  engineer  of  the  day.  Here  lie  learned  the  practical  -work  of 
railroad  location,  and  here  he  remained  until  June,  1849,  when  a  severe 
attack  of  fever  compelled  him  to  return  to  Boston.  During  that  fall, 
while  waiting  for  another  position,  he  studied  architecture,  in  the  office 
of  E.  C.  Cabot,  of  Boston,  gaining  knowledge  of  that  profession,  and 
of  mechanical  drawing,  that  was  of  service  to  him  later.  At  that  time 
there  were  no  schools  of  engineering,  and  young  engineers  had  to 
obtain  their  technical  education  as  best  they  could. 

Early  in  1850  he  secured  a  position  as  draughtsman  under  Mr. 
Shanly,  Resident  Engineer  of  the  Ogdensburg  and  Lake  Ohamplain 
Railway.  When  the  work  with  which  he  was  connected  was  completed, 
he  returned  to  the  Mobile  and  Ohio  Railway,  and  took  charge  of  one 
of  the  parties  locating  that  road.  This  work  lasted  until  September. 
1851,  when  Mr.  Clarke  went  to  St.  Louis  and  afterward  to  Chicago, 
in  which  city  his  mother  and  two  of  his  brothers  were  then  living. 
While  in  Chicago  he  studied  in  the  office  of  Edward  Burling,  an 
eminent  architect  of  that  city.  At  this  time,  at  the  request  of  William 
B.  Ogden,  a  public-spirited  citizen,  Mr.  Clarke  made  a  design  for  a 
tunnel  under  the  Chicago  River. 

In'  October,  1852,  he  accepted  a  position  under  Mr.  Benedict,  Chief 
Engineer  of  the  Great  Western  Railway  of  Canada,  as  Resident  Engi- 
neer of  the  Second  Division,  which  extended  from  St.  Catherines  to 
Dundas  and  included  much  heavy  work  and  the  shops  at  Hamilton. 
His  assistants  were  Amory  Dexter,  of  Boston;  Thomas  Ridoot,  of 
Toronto,  and  Augustus  Bacon,  from  the  Ogdensburg  and  Lake  Cham- 
plain  Railway.  It  was  here  that  Mr.  Clarke  gained  his  first  experience 
in  foundation  work  in  which  he  was  so  successful  afterward.  After 
the  completion  and  opening  of  the  road,  in  1853,  Mr.  Clarke  went  to 
Port  Hope,  Ontario,  Canada,  as  Assistant  Engineer,  under  Mr. 
Benedict,  of  the  Port  Hope  and  Peterboro  Railway.  This  road  ▼«& 
finished  in  1856,  when  Mr.  Clarke  and  Mr.  George  Tate,  one  of  the 
engineers  of  the  Grand  Trunk  Railway,  took  a  lease  of  it  and  operated 
it  as  a  private  enterprise.  In  1858  the  directors  of  the  railway  broke 
their  contract  and  took  the  road  from  Messrs.  Clarke  and  Tate,  who 
recovered  damages  after  a  suit  lasting  about  a  year. 

In  November,  1858,  Mr.  Clarke  was  put  in  charge  of  one  of  the 
three  divisions  of  the  Government  Survey  of  the  Ottawa  River,  his 
work  covering  French  River,  Lake  Ni pissing  and  the  Mattawan.  His 
experiences  in  the  field  during  the  severe  Canadian  winter  were 
most  interesting,  and  his  work  was  done  so  well  and  so  promptly 
that  he  was  placed  in  charge  of  the  entire  survey.  The  thorough- 
ness of  his  work  is  shown  by  the  fact  that  twenty-five  years 
later,  when  the  Canadian  Government  improved  the  Ottawa  River. 
they  adopted  Mr.  Clarke's  plans  and  his  exact  location  for  a  lock  and 
dams  at  Carillon,  at  the  head  of  the  Lake  of  Two  Mountains. 
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In  the  fall  of  1869,  Mr.  Clarke,  in  partnership  with  Ralph  Jones 
and  Edward  Haycock,  took  a  contract  for  building  the  two  Govern- 
ment Departmental  buildings  at  Ottawa.  Among  other  materials 
needed  were  iron  beams,  and  to  purchase  these  Mr.  Clarke  visited 
England  in  March,  1860.  There  he  made  the  acquaintance  of  many 
distinguished  men;  among  others,  William  Fair  bairn.  He  was  abroad 
about  two  months,  returning  to  Qaebec  on  an  Allan  Line  steamship. 
Sir  Hugh  Allan  had  been  urged  to  start  his  ships  from  Galway  in- 
stead of  Mobile,  in  North  Ireland,  and  he  sent  one  of  them  to  try 
the  harbor.  It  was  on  her  that  Mr.  Clarke  sailed,  and  he  thus  was 
one  of  the  few  who  ever  sailed  from  that  port,  as  the  one  trip 
demonstrated  its  unsuitableness.  The  Ottawa  buildings  were  finished 
in  1866. 

About  the  end  of  the  same  year  Mr.  Clarke  was  engaged  to  build 
a  bridge  over  the  Mississippi  River  at  Quincy,  Illinois,  for  the  Chi- 
cago, Burlington  and  Quincy  Railway.  This  was  the  first  iron  bridge 
built  across  that  river,  and  the  securing  of  stable  foundations  pre- 
sented many  difficulties.  The  entire  bridge  was  completed  in  two 
years  without  employing  any  contractors  except  for  furnishing  the  iron 
superstructure.  This  was  removed  later  and  a  heavier  one  substituted, 
on  account  of  the  great  increase  in  modern  train  loads;  but  no  change 
was  needed  in  the  old  piers. 

In  the  fall  of  1868  Mr.  Clarke  moved  to  New  York  City,  where  he 
formed  a  partnership  with  Charles  Kellogg  for  furnishing  and  building 
iron  structures,  under  the  name  of  the  Phoenix  Bridge  Company.  In 
the  spring  of  1870  he  moved  to  Philadelphia,  and  formed  a  new  firm 
under  the  name  of  Clarke,  Reeves  and  Company.  Mr.  Clarke  was  the 
senior  partner,  and  his  associates  were  Samuel  Reeves,  John  Griffen 
and  Adolphus  Bonzano,  of  Phcenixville,  Pennsylvania.  The  firm  of 
Clarke,  Reeves  and  Company  was  one  of  the  leading  bridge  builders 
of  the  United  States,  and,  among  other  works,  constructed  the 
Girard  Avenue  Bridge,  over  the  Schuylkill  at  Philadelphia,  many  rail- 
road bridges  in  the  United  States  and  in  Canada,  the  Kinzua  Viaduct 
on  the  Erie  Railway,  and  a  large  part  of  the  Elevated  Railway  system 
in  New  York  City. 

Mr.  Clarke  severed  his  connection  with  this  concern  in  1883,  and 
in  the  next  year  became  one  of  the  original  members  of  the  Union 
Bridge  Company,  with  offices  in  Now  York.  During  his  connec- 
tion with  this  concern,  it  built  the  Hawksbilry  Bridge  in  Australia, 
(the  contract  for  it  being  taken  in  competition  with  the  whole 
world},  and  the  Poughkeepsie  Bridge  over  the  Hudson  River.  In 
bnilding  both  these  bridges  the  foundation  work  was  very  difficult,  and 
Mr.  Clarke's  great  experience  in  such  matters  stood  Mm  in  good  stead. 

Mr.  Clarke  retired  from  the  Union  Bridge  Company  late  in  1887, 
and  during  the  remainder  of  his  life  carried  on  a  business  as  Consult- 
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ing  Engineer.  He  also  traveled  much,  and  was  prominent  among  the 
members  of  this  Society  when  they  visited  Europe  in  1889.  He  was 
consulted  by  Henry  M.  Whitney,  of  Boston,  in  regard  to  the  elevated 
railways  in  that  city,  and  also  in  connection  with  mining  development 
work  in  Nova  Scotia.  He  was  Consulting  Engineer  for  the  City  of 
New  York  in  building  the  Third  Avenue  and  the  Willis  Avenue  Bridges, 
being  responsible  for  the  design  and  construction  of  them.  These  were 
his  last  works,  and  he  died  on  June  15th,  1901,  in  New  York  City, 
after  a  brief  illness. 

Mr.  Clarke  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  18th,  1868,  and  a  Fellow  on  May  20th,  1872.  He 
served  as  a  member  of  the  Board  of  Direction  for  the  year  beginning 
November,  1878,  and  as  Vice-President  from  November  2d,  1870.  to 
November  1st,  1871.  From  January  15th,  1896,  to  January  20th,  1897, 
Mr.  Clarke  was  President  of  the  Society.  He  was  a  Member  of  the 
American  Institute  of  Mining  Engineers,  the  American  Society  of 
Mechanical  Engineers,  and  of  the  American  Philosophical  Society  of 
Philadelphia.  He  was  one  of  the  first  of  the  American  members  of 
the  British  Institution  of  Civil  Engineers,  and  the  only  American  engi- 
neer who  ever  received  both  the  Telford  Medal  and  Premium,  they 
being  awarded  to  him  for  a  paper,  written  in  1878,  on  "  The  Design 
Generally  of  Iron  Bridges  of  very  Large  Span  for  Bail  way  Traffic.  " 

Notwithstanding  his  modesty  and  retiring  disposition,  Mr.  Clarke 
was  very  popular.  He  was  a  member  of  many  clubs  and  associations 
in  different  parts  of  the  country,  and  in  New  York  City  was  a  member 
of  the  Union,  Century,  Harvard,  Manhattan,  St.  Andrew's  Golf  and 
other  clubs.  He  contributed  many  professional  papers  to  the  various 
engineering  societies  to  which  he  belonged.  He  wrote  the  article  on 
"Engineering"  for  "The  Progress  of  the  Century,"  published  in 
1900,  to  which  men  eminent  in  other  branches  of  knowledge  also  con- 
tributed articles. 

In  the  Minutes  of  Proceedings  of  the  British  Institution  of  Civil 
Engineers,  Sir  Benjamin  Baker  writes  thus: 

"  The  death  of  my  old  friend  Mr.  Clarke  will  be  sincerely  lamented 
by  many  British  engineers,  for  no  one  has  done  more  than  he  to  pro- 
mote the  cordial  brotherly  relationship  which  now  happily  exists 
between  American  and  British  engineers.  It  also  severs  one  more  link 
with  the  past,  for  Mr.  Clarke's  early  experience  with  bridge  building 
was  in  the  days  when  there  was  hardly  one  point  of  resemblance  be- 
tween American  and  British  wrought-iron  bridges,  the  former  being 
modeled  after  the  type  of  the  original  timber-truss  construction  and 
the  latter  on  that  of  the  cast-iron  shallow-girder  system.  Mr.  Clarke 
sometimes  said  that  he  shuddered  when  he  thought  of  some  of  his 
early  bridges,  with  long,  slender  cast-iron  posts,  slight  lateral  bracing. 
and  totally  inadequate  pin -connections,  even  the  floor  girders  being 
of  the  latter  type,  instead  of  the  heavily-riveted  low-stressed  type 
which  he  lived  to  see  substituted  in  all  American  bridge-work,  as  he 
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also  saw  each  country  gradually  introduce  the  good  points  of  the 
other's  practice,  so  that  no  vital  difference  now  distinguishes  European 
and  American  bridges. " 

Mr.  Clarke's  life  and  works  illustrate  the  highest  form  of  engineer- 
ing ability,  while  his  modesty  and  straightforward,  lovable  character 
won  for  him  hosts  of  friends.  His  death  removed  one  of  the  brilliant 
lights  of  the  engineering  profession. 


WILLIAM  DURFEE  GELETTE,  M.  Am.  Soc  C.  E.* 


Died  April  27th,  1902. 


William  Durfee  Gelette  was  born  in  Fairhaven,  Massachusetts, 
on  March  1st,  1847,  and  received  his  education  at  the  Massachusetts 
Institute  of  Technology,  being  a  member  of  the  Glass  of  1869. 

After  leaving  college  he  was  employed  until  1875  on  various  engi- 
neering works  in  New  England,  including  water  supply,  drainage, 
iron  bridge  construction  and  street  improvements,  under  such  masters 
as  Clemens  Hersohel  and  J.  Herbert  Shedd. 

In  1875  Mr.  Gelette  went  to  California  and  entered  the  employ  of  the 
Southern  Pacific  Railroad  Company,  with  which  company  and  its  suc- 
cessors he  remained,  almost  continuously  \  up  to  the  time  of  his  death. 
He  was  in  charge  of  the  construction  of  the  Southern  Pacific  trans- 
continental line  from  the  Colorado  River,  on  the  border  of  California, 
to  the  Pecos  River,  in  Texas,  a  distance  of  nearly  1 000  miles.  Later, 
he  was  in  charge  of  the  construction  of  many  other  lines  for  that  com- 
pany, and  from  1883  to  the  time  of  his  death  he  occupied  the  second 
place  in  the  Engineering  Department  of  the  road. 

Mr.  Gelette's  life  was  ideal  from  the  standpoint  of  an  Engineer: 
Conscientious,  hard  working,  tireless,  he  took  up  everything  presented 
to  him  with  the  thorough  method  necessary  to  achieve  the  best  results. 
These  qualities  made  him  the  trusted  lieutenant  of  those  he  served, 
and,  combined  with  his  sympathy  and  patience,  earned  for  him  the 
highest  regard  of  his  subordinates. 

He  was  married  in  Boston  in  1871,  and  his  married  life  was  a  par- 
ticularly happy  one.  His  nature  was  domestic,  and  he  enjoyed  noth- 
ing more  than  his  home  and  his  family.  His  widow,  a  son  and  a 
daughter  survive  him. 

In  the  early  part  of  April,  1902,  in  the  interests  of  his  employers, 
he  visited  El  Paso,  Texas,  and  was  taken  ill.  His  conscientious  re- 
gard for  his  work  kept  him  at  his  post  until  it  was  complete,  after 
which  his  strength  barely  permitted  him  to  make  the  return  trip  to 
his  home,  in  Oakland,  California,  where  he  quietly  passed  away  a  few 

days  later. 

•  Memoir  prepared  by  W.  B.  Storey,  M.  Am.  Soc.  C.  E. 
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He  was  elected  a  Member  of  the  American  Society  of  Civil  Engw 
neers  on  April  1st,  1886,  and  always  took  the  greatest  interest  in  it* 
work.  

JOSEPH  MILLER  WILSON,*  M.  Am.  Soc.  C.  E. 


Died  November  24th,  1902. 


Joseph  Miller  Wilson  was  born  at  Phoenixville,  Chester  County, 
Pennsylvania,  on  Jnne  20th,  1838.  He  was  a  son  of  William  Hasell 
and  Jane  Miller  Wilson.  His  father  and  his  grandfather  were  well- 
known  civil  engineers  in  the  United  States,  his  father  being  an  Hon- 
orary Member  of  the  American  Society  of  Civil  Engineers,  and  for 
many  years  Chief  Engineer  of  the  Pennsylvania  Railroad.  Mr.  Wilson's 
great-grandfather  and  great-great-grandfather  were  among  the*most 
prominent  civil  engineers  of  their  time  in  Scotland. 

After  a  thorough  preparation  in  private  schools,  Mr.  Wilson  entered 
the  Rensselaer  Polytechnic  Institute,  of  Troy,  New  York,  and  was 
graduated  therefrom  in  1858,  with  the  degree  of  Civil  Engineer;  after 
which  he  took  a  two  years'  special  course  in  analytical  chemistry  with 
Professor  F.  A.  Genth,  of  Philadelphia. 

In  1860  Mr.  Wilson  entered  the  service  of  the  Pennsylvania  Rail- 
road as  Assistant  Engineer,  and  in  1863  became  Resident  Engineer  of 
the  Middle  Division.  In  1865  he  became  Principal  Assistant  Engineer* 
and,  later,  Engineer  of  Bridges  and  Buildings  of  the  Pennsylvania 
Railroad,  continuing  in  the  service  of  this  road  until  January  1st,  1886. 

Among  the  various  structures  designed  and  built  by  Mr.  Wilson 
during  this  period  were  the  Susquehanna  and  Schuykill  Bridges,  the 
original  Broad  Street  Station,  the  Baltimore  and  Potomac  Station  at 
Washington,  the  Main  Exhibition  Building  and  Machinery  Hall  of  the 
Centennial  Exhibition,  and,  later,  the  Drexel  Building  and  the  Drexel 
Institute. 

In  1876  Mr.  Wilson,  with  his  brothers,  organized  the  firm  of  Wilson 
Brothers  and  Company,  Civil  Engineers  and  Architects,  and  this  firm 
has  done  a  very  large  amount  of  detail  and  expert  work.  The  bridges 
designed  and  erected  by  him  comprise  all  those  on  the  Pennsylvania 
Railroad  for  many  years,  and  many  on  other  roads,  the  number  too 
great  to  mention  in  detail.  His  firm  were  engineers  and  architects 
for  numerous  stations,  shops,  etc.,  on  various  railroads:  Shops  of  the 
Northern  Central  Railroad  at  Baltimore;  the  Alleghany  Valley  Bail* 
road  shops  at  Verona,  Pennsylvania;  stations  and  shops  for  the  Ninth 
and  Third  Avenue  lines  of  the  New  York  Elevated  Railroad;  stations 
and  shops  for  the  New  York,  West  Shore  and  Buffalo  Railroad;  and 
stations  on  the  Lehigh  Valley,  New  Jersey  Central,  and  Philadelphia 
and  Reading  Railroads. 

*  Memoir  prepared  by  Joseph  M.  Knap,  M.  Am.  Soc  C.  E. 
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Mr.  Wilson  was  Chairman  of  the  Board  of  Expert  Engineers  on  the 
Washington  Aqueduct  Tunnel  and  Reservoir,  acting  under  a  joint 
Commission  of  Congress,  in  1888-89;  was  Chairman  of  the  Board  of 
Expert  Engineers  to  examine  and  report  on  the  railroad  terminal  and 
station  question  at  Providence,  Rhode  Island,  in  1888;  was  one  of  the 
expert  engineers  to  make  examinations  and  report  on  the  oondition  of 
the  elevated  railroads  in  New  York  City.  He  was  one  of  the  experts 
on  the  designs  for  the  approaches  of  the  New  York  and  Brooklyn 
Suspension  Bridge,  and  also  one  of  the  expert  engineers  reporting  to 
the  Board  of  Rapid  Transit  Commissioners  for  the  City  of  New  York, 
in  1891.  In  more  reoent  years  he  was  the  Consulting  Engineer  for  the 
Philadelphia  and  Reading  Railway  Company,  and  had  charge,  for  that 
company,  of  all  work  on  the  Pennsylvania  Avenue  Subway,  in  the  City 
of  Philadelphia.  He  was  one  of  the  engineers  appointed  to  examine 
and  report  on  the  improvement  of  the  water  supply  for  the  City  of 
Philadelphia,  in  1899,  the  work  being  now  carried  out  in  accordance 
with  that  report. 

Mr.  Wilson  wrote  many  scientific  and  engineering  papers,  among 
them  the  "Mechanical,"  the  "Scientific,"  and  the  "Historical"  for 
the  "Illustrated  Catalogue  of  the  International  Exhibition  of  1$76." 
He  also  wrote  historical  papers  on  this  exhibition  for  London  Engineer- 
ing. By  special  request,  he  wrote  a  paper,  on  "  American  Permanent 
Way,"  for  the  British  Association.  He  also  wrote  a  comprehensive 
paper,*  "On  Specifications  for  Strength  of  Iron  Bridges,"  and  a  paper  f 
entitled  "The  Philadelphia  and  Reading  Terminal  Railroad  and 
Station  in  Philadelphia,"  for  the  American  Society  of  Civil  Engineers; 
a  paper  on  Port  Perry  Bridge,  for  the  Institution  of  Civil  Engineers; 
and  a  paper}  on  "Schools,"  with  particular  reference  to  Trade 
Schools,  especially  those  of  France  and  England.  He  also  wrote 
sundry  papers  for  various  scientific  and  engineering  journals. 

As  an  inventor,  Mr.  Wilson  took  out  several  patents:  On  bridge 
details,  flushing  tanks  for  sanitary  purposes,  etc.,  etc. 

He  held  many  positions  of  honor  and  responsibility,  some  of  them 
being  as  follows:  Member  of  the  American  Society  of  Civil  Engineers; 
Member  of  the  Institution  of  Civil  Engineers;  Fellow  of  the  American 
Institute  of  Architects;  Member  of  the  Franklin  Institute,  of  which  he 
was  Manager  from  1868  to  1887,  and  President  for  ten  years,  1887  to 
1897;  President  of  the  Engineers1  Club  of  Philadelphia  for  1888; 
Member  of  the  American  Philosophical  Society;  Fellow  of  the  Amer- 
ican Association  for  the  Advancement  of  Science;  Member  of  the 
Centnry  Association  of  New  York  City. 

Mr.  Wilson  received  the  honorary  degree  of  Master  of  Arts  from 
the  University  of  Pennsylvania  in  1877.     At  the  Centennial  Exhibition 

*  Transaction*  Am.  Boc.  0.  EM  Vol.  XV,_pp.  389, 484;  Vol.  XVI,  p.  88. 
t  Transaction*,  Am.  Soc.  C  EM  Vol.  XXXIV,  p.  116. 
X  Journal,  Franklin  Institute,  1880-00. 
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of  1876,  in  Philadelphia,  he  received  medals  and  awards  for  designs 
of  bridges  and  buildings,  and  in  1878  he  received  the  Telford  Premium 
from  the  Institution  of  Civil  Engineers. 

He  was  married  to  Miss  Sarah  Pettit,  daughter  of  Judge  Thorns* 
MoEean  Pettit,  on  May  24th,  1869.  They  had  two  children,  Alice  May 
and  Mary  Hasell  Wilson. 

Mr.  Wilson  died  of  heart  disease,  suddenly,  in  his  office  in  Phila- 
delphia, on  November  24th,  1902,  in  his  sixty-fifth  year.  He  is  sur- 
vived by  his  wife  and  his  daughter,  Mrs.  John  T.  Gibson,  of  New  York 
City. 

For  some  years  Mr.  Wilson  was  a  member  and  vestryman  of  St 
Stephens  Church,  in  Philadelphia.  In  the  words  of  a  resolution 
passed  by  this  vestry: 

"Mr.  Wilson  was  a  man  in  whom  the  power  and  the  beauty  of  the 
Christian  religion  conspicuously  manifested  themselves.*  *  *  Con- 
fronted constantly  with  difficult  problems,  he  knew  no  other  standard 
of  conduct  than  the  example  of  Jesus  and  his  own  very  delicate  sense  of 
honor.  Just  in  all  his  relations,  generous  to  a  fault,  truthful  in  word, 
pure  in  spirit,  a  loving  husband,  father,  brother,  and  son — these 
moral  virtues  only  added  luster  to  the  endowment  of  a  naturally 
powerful  mind,  nor  did  his  religious  beliefs  prove  inimical  to  scientific 
attainments  which  placed  him  at  the  head  of  an  exacting  profession." 

The  foregoing  gives  but  an  outline  of  a  very  useful,  honorable  and 
well-rounded  life.  His  was  an  exemplification  of  what  great  results  a 
quiet,  unostentatious,  industrious  life  can  accomplish  in  the  scientific 
and  industrial  world,  when  accompanied  by  superior  intelligence,  a 
thorough  education  and  a  morality  based  upon  strict  religious 
principles. 

The  writer  of  this  memoir  would  feel  that  he  had  not  done  the 
subject  justice  had  he  not,  in  closing,  alluded  briefly  to  the  high 
moral  purpose  which  actuated  Mr.  Wilson  in  all  that  he  did;  and  to 
the  religious  faith  and  practice,  which,  from  his  early  youth  until  the 
day  of  his  death,  were  the  controlling  influences  of  his  successful  and 
happy  life. 

Mr.  Wilson  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  April  2d,  1873.  He  served  as  a  Director  from 
January  18th,  1888,  to  January  16th,  1889;  and  as  Vice-President 
from  January  17th,  1894,  to  January  15th,  1896. 
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May  6th,  1903.— The  meeting  was  called  to  order  at  8.55  p.  m., 
President  Noble  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  123  members  and  13  guests. 

The  minutes  of  the  meetings  of  April  1st  and  15th,  1903,  were 
approved  as  printed  in  Proceedings  for  April,  1903. 

A  paper  entitled  "  A  Small  Rock-Fill  Dam,"  by  H.  de  B.  Parsons, 
M-  Am.  Soc!  C.  E.,  was  presented  by  the  author  and  illustrated  with 
lantern  slides.  The  Secretary  presented  a  written  communication 
from  Samuel  H.  Lea,  M.  Am.  Soc.  C.  E.,  and  the  subject  was  discussed 
fixrtner  by  Messrs.  Foster  Crowell,  J.  M.  Goodell  and  the  author. 

A  second  paper,  entitled  "  Deflections  of  Beams  with  Variable 
Moments  of  Inertia,"  by  C.  W.  Hudson,  M.  Am.  Soc.  C.  E.,  and  a 
-written  communication  from  Irving  "P.  Church,  Assoc.  Am.  Soc.  0.  E. , 
were  presented  by  title,  and  the  subject  was  discussed  further  by 
Mansfield  Merriman,  M.  Am.  Soc.  C.  E. 
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Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates elected: 

As  Members. 

Frank  Lloyd  Avebill,  Washington,  D.  C. 
Bebnabd  Bienenveld,  San  Francisco,  Oal. 
Thomas  A  very  Corby,  Pnefala,  Mexico. 
Carlton  Rollin  Dart,  Chicago,  111. 
Ernest  Howard  Foster,  New  York  City. 
Kenneth  Phipson  Hawksley,  London,  England. 
William  Boss  Hlllyeb,  West  New  Brighton,  N.  Y. 
Ernest  McCttlloh,  Seattle,  Wash. 
Archibald  McLean,  Brooklyn,  N.  Y. 
Ashbel  Edward  Olmsted,  New  York  City. 
Isaac  Rich,  Boston,  Mass. 
Edward  Wbttten  Shedd,  Providence,  B.  I. 
Joseph  Emory  Sibbink,  Greenville,  S.  C. 
David  Heikes  Whttmer,  Charleston,  S.  C. 


As  Associate  Membebs. 

Astolfo  Babtoccini,  New  York  City. 
Charles  Blaney  Breed,  Lynn,  Mass. 
Charles  John  Eld,  Jr.,  St.  Joseph,  Mo. 
James  Welch  Fbazieb,  Cleveland,  Ohio. 
Charles  Gartbnstexo,  New  York  City. 
Robert  Ladd  Giffobd,  Chicago,  111. 
Isaac  Habby,  Trenton,  N.  J. 
Frederick  Lawrence  Hartigan,  Chicago,  Ul. 
Don  Hays,  Kansas  City,  Mo. 
Hermann  Meriwether  Knapp,  Pencoyd,  Pa. 
Moses  Jerome  Look,  Clinton,  Mass. 
Frank  Howard  Neff,  Cleveland,  Ohio. 
Charles  Edwabd  Pabsons,  Glens  Falls,  N.  Y. 
HowABD  Platt  Tbeadway,  Kansas  City,  Mo. 
Earnest  Mattland  Van  Nobden,  Brooklyn,  N.  Y* 
Hans  von  Unwebth,  Kansas  City,  Mo. 

The  Secretary  announced  the  election  of  the  following  candidate* 
by  the  Board  of  Direction  on  May  5th,  1903: 


As  Associate. 
Charles  Henry  Umstead,  Portsmouth,  N.  H. 
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As  Juniors. 
Arthur  Herbert  Diamant,  New  York  City. 
Charles  Louis  Fox,  Wilkinsburg,  Pa. 
Louis  Adams  Robb,  Newark,  N.  J. 
Charles  Rapelyea  Wycxopf,  Jr.,  Brooklyn,  N.  Y. 

The  Secretary  announced  the  following  deaths : 

Wai/tbr  S.  Gurnee,  elected  Fellow  May  10th,  1870;  died  April  17th, 
1903. 

Edward  Afplbton  Greene,  elected  Member  July  4th,  1888;  died 
April  19th,  1903. 

Victor  M.  Clement,  elected  Fellow  January  8th,  1890;  died  April 
28th,  1903. 

Adjourned. 

May  aoth,  ioo3.^The  meeting  was  called  to  order  at  8.45  p.  M., 
President  Noble  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  76  members  and  7  guests. 

A  paper  entitled  "The  Economic  Improvement  of  the  Coosa  and 
Alabama  Rivers,  in  Georgia  and  Alabama,"  by  D.  M.  Andrews,  M.  Am. 
Soc.  C.  E.,  was  presented  by  the  Secretary,  who  also  read  a  communi- 
cation on  the  subject  from  Capt.  R.  R.  Raymond,  Corps  of  Engineers, 
U.  S.  A. 

The  Secretary  announced  the  death  of  the  following  members: 

George  Richardson  Hardy,  elected  Member  November  7th,  1888; 
died  April  2d,  1903. 

Edmund  Dorman  Libby,  elected.  Member  May  6th,  1885;  died 
April  24th,  1903. 

William  George  McNeill  Thompson,  elected  Member  July  2d, 
1879;  died  May  12th,  1903. 

Adjourned. 

OF  THE  BOARD  OP  DIRECTION. 
(Abstract. ) 

May  5th,  1903. — 8.30  p.  m. — President  Noble  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Briggs,  Croes, 
Jackson,  Knap,  Osborn,  Osgood,  Pegram  and  Schneider. 

A  special  report  was  presented  from  a  Committee  appointed  to  con- 
sider the  advisability  of  the  discontinuance  of  advertisements  in  Pro- 
ceedings, and  the  Secretary  was  instructed  to  discontinue  all  advertise- 
ments in  the  Proceedings  of  the  Society,  as  soon  as  it  can  be  done 
under  existing  contracts. 

Applications  were  considered  and  other  routine  business  transacted. 

One  candidate  for  admission  as  Associate,  and  four  as  Junior  were 
elected.* 

Adjourned. 

I  *  See  page  168. 
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ANNOUNCEMENTS. 
The  House  of  the  Society  is  open  from  9  A.  JVL  to  10  P.M. 
every  day,  except  Sundays*  Fourth  of  July,  Thanksgiving  Day  aid 
Christmas  Day. 

MEETINGS. 

Wednesday,  June  3d*  1903.— 8.30  p.  m. — A  regular  business  meet- 
ing will  be  held.  Ballots  for  membership  will  be  canvassed,  and  a 
paper  by  Richard  T.  Dana,  Assoc.  M.  Am.  Soc.  0.  £.,  entitled  "A 
New  Safety  Explosive,"  will  be  presented  for  discussion.  This  paper 
is  printed  in  this  number  of  Proceedings. 

Wednesday,  September  ad,  1903. — 8.30  p.  m.— A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  entitled  "An  Experimental  Study  of  the  Resistances  to  the 
Flow  of  Water  in  Pipes,"  by  Augustus  V.  Saph,  Assoc.  Am.  Soc.  C.  E.. 
and  Ernest  W.  Schoder,  Jun.  Am.  Soc.  C.  E.,  will  be  presented  for 
discussion.     This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  September  16th,  1903.— 8.30  p.  h. — At  this  meeting  a 
paper,  by  Elmo  G.  Harris,  M.  Am.  Soc.  C.  E.,  entitled  "  Theory  of 
Centrifugal  Pumps  and  Fans:  Analysis  of  their  Action,  with  Sugges- 
tions for  Designs, "  will  be  presented  for  discussion.  This  paper  is 
printed  in  this  number  of  Proceedings. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  such 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner  has  been  expressed 
frequently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling  compared  to  the  value  of  the  time  of  an  engi- 
neer who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it 
is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the  cost 
of  searches  for  members  to  a  minimum t 
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In  asking  that  such  work  be  undertaken,  members  should  specify 
dearly  the  subject  to  be  covered,  and,  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

PROPOSED  AMENDMENT  TO  THE  CONSTITUTION. 

The  following  proposed  amendment  to  the  Constitution  has  been 
received  by  the  Secretary,  and  has  been  sent  to  all  Corporate  Members  of 
the  Society.  In  accordance  with  the  provisions  of  Section  3  of  Article 
IX  of  the  Constitution,  it  will  be  considered  at  the  Business  Meeting 
of  the  Annual  Convention  at  Asheville,  N.  C. 


Amend  the  Constitution  by  striking  out  Sections  6,  7  and  8  of 
Article  II,  and  the  whole  of  Article  III,  and  substituting  therefor  the 
following:  . 

ARTICLE  II.—  Membership. 

**x***»* 

6. — A  Junior  shall  not  be  less  than  eighteen  years  of  age,  and 
his  connection  with  the  Society  shall  cease  when  he  becomes  thirty 
years  of  age,  unless  he  be  previously  transferred  to  another  grade. 
He  shall  have  had  active  practice  in  some  branch  of  engineer- 
ing for  at  least  two  years,  or  he  shall  have  graduated  from  a 
school  of  engineering  of  recognized  standing.  Persons  who  are 
in  the  Junior  class  at  the  time  of  the  adoption  of  this  Constitu- 
tion shall  not  have  their  status  changed  by  the  provisions  of  this 
section. 

7. — Honorary  Members  shall  be  chosen  only  from  persons  of 
acknowledged  eminence  in  some  branch  of  engineering  or  the 
sciences  related  thereto.  There  shall  not  be  more  than  twenty  at 
any  one  time. 

8.  —Fellows  shall  be  contributors  to  the  permanent  funds  of 
the  Society,  though  they  may  not  bo  eligible  for  admission  as 
Corporate  Members. 

ARTICLE  III.— Admissions  and  Expumions. 

1. — Honorary  Members  shall  be  proposed  by  at  least  ten 
members,  and  shall  be  elected  only  by  a  unanimous  vote  of  the 
Board  of  Direction.  A  Past-President,  or  a  member  of  the  Board 
of  Direction  proposed  for  Honorary  Membership,  shall  not  be 
required  to  vote  either  for  or  against  his  own  admission. 

A  person  elected  an  Honorary  Member  shall  be  promptly 
notified  thereof  by  letter.  The  election  shall  be  cancelled  if  an 
acceptance  is  not  received  within  six  months  after  the  mailing  of 
such  notice. 
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2. — An  application  for  admission  to  the  Society  or  for  transfer 
from  one  grade  to  another  shall  embody  a  concise  statement,  with 
dates,  of  the  candidate's  professional  training  and  experience;  and 
shall  be  in  a  form  and  in  snch  detail  as  may  be  prescribed  by  the 
Board  of  Direction.  It  shall  be  signed  by  the  applicant,  and  shall 
contain  a  promise  to  conform  to  the  requirements  of  membership, 
if  elected.  The  applicant  shall  furnish  the  names  of  at  least  fire 
Corporate  Members  to  whom  he  is  personally  known.  Each  of 
these  shall  be  requested  by  the  Secretary  to  address  a  letter  to  the 
Board  of  Direction,  on  a  form  prescribed  by  said  Board,  stating 
the  extent  of  the  writer's  personal  knowledge  of  the  applicant  and 
of  his  professional  work.  If  at  least  five  of  the  Corporate  Members 
named  as  references  do  not  furnish  the  requisite  endorsement,  the 
Secretary  shall  call  upon  the  applicant  for  additional  names,  and 
not  until  written  communications  shall  have  been  received  from 
at  least  five  Corporate  Members  shall  the  application  be  consid- 
ered by  the  Board. 

Applications  of  engineers  not  resident  in  North  America,  and 
who  may  be  so  situated  as  not  to  be  personally  known  to  five 
Corporate  Members,  may  be  recommended  for  ballot  by  five 
members  of  the  Board  of  Direction,  after  having  secured  evidence 
sufficient,  in  their  opinion,  to  show  that  the  applicant  is  worthy  of 
admission. 

3. — At  stated  periods,  to  be  determined  by  the  Board  of  Di- 
rection, there  shall  be  issued  to  each  member  in  any  grade  whose 
address  is  known,  a  list  of  all  new  applications  received  for  ad* 
mission  or  for  transfer,  which  list  shall  be  dated  and  shall  contain 
a  concise  statement  of  the  record  of  each  applicant  and  the  names 
of  his  references,  with  a  request  that  members  transmit  to  the 
Board  any  information  in  their  possession  which  may  affect  the 
disposition  of  the  applications.  Not  less  than  twenty  days  after 
the  issue  of  such  list,  the  Board  of  Direction  shall  consider  these 
applications,  together  with  any  information  in  regard  to  the  ap- 
plicants that  may  have  been  received;  may  make  further  inquiries* 
if  deemed  expedient;  shall  classify  the  applicant  with  his  consent, 
and  on  applications  for  admission  may  direct  a  ballot. 

The  Board  shall  have  the  power  to  transfer  persons  from  a 
lower  to  a  higher  grade  of  membership,  and  shall  notify  the  mem- 
bership of  its  action. 

4 — The  ballots  shall  be  letter-ballots,  in  a  form  to  be  pre- 
scribed by  the  Board  of  Direction.  They  shall  be  mailed  to  each 
Corporate  Member  whose  address  is  known,  and  Bhall  state  the 
date  on  which  the  ballot  is  to  be  canvassed,  which  shall  be  not 
less  than  twenty  days  after  the  issue  of  the  ballot.  Twenty  or 
more  negative  votes  shall  exclude  from  election.     In  case  of  ex* 
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elusion,  no  notice  thereof  shall  be  entered  on  the  minutes,  but  the 
candidate  shall  be  notified. 

5.— All  elected  candidates  shall  be  drily  notified  and  shall  sub- 
scribe to  the  Constitution  and  Rules  of  the  Society.  Forms  for 
these  purposes  shall  be  prescribed  by  the  Board  of  Direction.  If 
these  provisions  are  not  complied  with  within  six  months  from 
the  notification  of  election,  such  election  shall  be  considered  void, 
unless  for  special  reason  the  time  shall  be  extended  by  the  Board 
of  Direction. 

Membership  of  any  person  shall  date  from  the  day  of  his 
election. 

6. — Upon  the  written  request  of  ten  or  more  Corporate  Mem- 
bers, that  for  cause  therein  set  forth  a  person  belonging  to  the 
Society  be  expelled,  the  Board  of  Direction  shall  consider  the 
matter,  and  if  there  appears  to  be  sufficient  reason,  shall  advise 
the  accused  of  the  charges  against  him.  He  may,  if  he  so  desires, 
present  a  written  defence  which  shall  be  considered  at  a  meeting 
of  the  Board  of  Direction,  of  which  he  shall  receive  due  notice. 
Not  less  than  two  months  after  such  meeting,  the.  Board  of  Direc- 
tion shall  finally  consider  the  case,  and  if  resignation  has  not  been 
tendered,  or  a  defence  made  which  is  satisfactory  to  the  Board,  it 
shall  then  notify  the  person  that  he  will  be  expelled  in  one  month, 
unless  he  -elects  to  appeal  from  this  decision.  Appeals  will  be 
submitted  to  the  Corporate  Members  by  letter-ballot  in  a  form  to 
be  ^prescribed  by  the  Board  of  Direction.  The  ballot  shall  be  ac- 
companied by  a  statement  of  the  charges,  and  of  the  action  of  the 
Board  thereon,  with  such  information  as  it  deems  proper,  and  also 
the  statement  of  the  person  making  the  appeal.  The  ballot  shall 
be  canvassed  by  the  Board  not  less  than  twenty  days  after  its 
issue.  A  majority  of  the  ballots  cast  will  be  required  to  sustain 
the  action  of  the  Board.  The  Board  will  notify  the  person  and 
the  Corporate  Members  of  the  result  of  the  ballot.  In  case 
no  appeal  be  made,  the  Board  of  Direction  will  expel  the 
person,  and  notify  him  and  the  Corporate  Members  of  its 
action. 

7. — A  member  of  any  grade  in  the  Society  may  resign  his 
membership  by  a  written  communication  to  the  Secretary,  who 
shall  present  the  same  to  the  Board  of  Direction;  when,  if  all  his 
dues  have  been  paid,  his  resignation  shall  be  accepted. 

8. — All  persons  elected  and  duly  qualified,  whose  address  on 
the  records  of  the  Society  is  within  fifty  miles  of  the  Post  Office 
in  the  City  of  New  York,  shall  be  deemed  Resident;  and  those 
whose  address  is  beyond  that  limit  shall  be  deemed  Non-Resident. 
The  classification  of  each  person  for  the  fiscal  year  as  Resi- 
dent or  Non -Resident,  shall  be  determined  by  the  Records  of  the 
Society  as  they  may  appear  on  January  1st  of  that  year. 
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The  foregoing  amendment  is  proposed  by 
porate  Members: 

John  F.  Wallace, 
David  Sloan, 
Ralph  Modjeski, 
J.  W.  Schaub, 

ALBERT  F.  REICHMANN, 
G.  A.  HA8BROUCK, 

Frank  J.  Llewellyn, 
Charles  L.  Strobel, 
Geo.  F.  Swain, 
WriiLiAM  Jackson, 
John  E.  Cheney, 
S.  Everett  Tinkham, 


the  following  Cor- 

Geo.  S.  Davisos, 
Emu  Swenssok, 
Jk  A-  Atwood, 
W.  C.  Hawlby, 

W.  G.  WlLKTJW, 
JOSIAH  A.  BsiGGfl, 

J.  J.  R  Cross, 

A.  NOBLE, 

H.  S.  Haines, 
Jos.  O.  Osgood, 
Geo.  H.  Pegkam, 
Edw.  P.  North. 


ANNUAL  CONVENTION  OF  1903. 

The  Thirty -fifth  Annual  Convention  will  be  held  at  Asheville,  N.  C, 
June  9th,  10th,  11th  and  12th,  1903. 

The  arrangements  for  the  Convention  are  in  the  hands  of  the  follow- 
ing Committees: 

Committee  of  the  Board  of  Direction. 

J.  James  R.  Cross,  Chairman. 
George  H.  Peoram,  Chas.  Warren  Hunt. 


Local  Committer. 
J.  L.  Ludlow,  Chairman. 


William  Cain, 
Wilbur  F.  Foster, 
George  W.  Frank, 
J.  C.  Guild, 
J.  N.  Hazlehurst, 
W.  B.  W.  Howe, 


W.  A.  Leland, 

J.  TmWRTK  \fTT.T.TTR1 

J.  A.  Montgomery, 
E.  T.  D.  Myers, 
Arthur  Pew, 
George  O.  Tenney, 


Nisbet  Wingfield. 


The  following  programme  has  been  arranged: 

Tuesday,  June  9th,  a.  00  P.M.   Opening  Session.— Address  of  Welooae 
by  the  Hon.  Theodore  F.  Davidson. 

Business  Meeting:  The  question  as  to  the  time  and  place  f* 
holding  the  next  Annual  Convention  will  be  discussed,  and  i 
proposed  amendment  to  the  Constitution  will  be  taken  up  » 
regular  course.    It  is  also  probable  that  there  will  be  an  infer- 
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mal  consideration  of  the  proposed  co-operation  of  the  Society 
with  the  other  National  Societies  and  the  Engineer's  Club  of  New 
York,  in  the  matter  of  a  Joint  Engineering  Building. 
8.3o  P.  M.    Second  Session.— Annual  address,  by  Alfred  Noble, 
President,  Am.  Soc.  C.  E. 

Wednesday,  June  ioth,  10.00  A.  M.    Third  Session.— Professional 
Discussion  on  Topics  Nos.  1,  2  and  3. 
Afternoon. — An  Excursion  by  trolley  around  Asheville  and  a  visit 
to  the  Swannanoa  Country  Club  has  been  arranged  for  this 
afternoon. 

9.oo  P.  M.— Reception.— The  Hon.  Charles  B.  Aycock,  Governor  of 
North  Carolina,  has  accepted  the  invitation  of  the  Local  Com- 
mittee to  meet  the  members  and  guests  of  the  Society  this 
evening.  • 

Thursday,  June  nth,  10.00  A.  M.  Fourth  Session.— Professional 
Discussion  on  Topics  Nos.  4,  5  and  6. 
3«oo  P.  M. — Excursion  to  Sunset  Mountain.  By  invitation  of 
Richard  S.  Howland,  Esq.,  President,  Asheville  and  Craggy 
Mountain  Bailroad  Company,  the  Society  will  visit  Overlook 
Park,  on  Sunset  Mountain,  spending  the  afternoon  and  remain- 
ing there  until  after  sunset.  B.  H.  Tingley,  M.  Am.  Soc.  C.  E., 
will  be  with  the  party,  and  will  describe  the  interesting  features 
of  the  construction  of  this  road  at  the  Pavilion,  on  arrival  at 
the  Park. 

At  5  p.  m.  the  party  is  invited  to  a  Barbecue  by  Mr.  Howland, 
and  the  return  to  the  Hotel  will  be  made  about  9  p.  m. 

Evening. — Concert. 

Friday ,  June  12th,  10.00  A.  M.  Fifth  Session. — Adjourned  Business 
or  Professional  Meeting,  if  necessary;  otherwise  the  morning 
will  be  free  for  individual  trips  to  points  of  interest  in  the 
vicinity. 

1.30  P.  M. — A  drive  through  "Biltmore,"  the  estate  of  George 
W.  Vanderbilt,  Esq. ,  has  been  arranged  for  this  afternoon. 

9.00  P.  M. — Informal  dancing  in  the  ballroom  of  the  Battery  Park 
Hotel. 
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TOPICS  FOR  INFORMAL  DISCUSSION. 

Topic  No.  i.    Timber  Tests. 

This  discussion  will  be  opened  by  representa- 
tives, of  the  U.  S.  Bureau  of  Forestry  (see  Pro- 
ceedings for  April,  1903,  p.  133). 

Topic  No,  a.    Sewage  Purification. 

Rudolph  Hering,  M..  Am.  Soc.  C.  £.,  will  intro- 
duce this  subject. 

Topic  No.  3«  In  the  treatment  of  the  Mississippi  River,  is  the  Levee 
Theory  Justified  by  Experience? 

Discussion  on  this  subject  will  be  introduced 
by  B.  M.  Harrod,  Past-President,  Am.  Soc.  C.  E. 

Topic  No.  4.  Is  it  possible  to  make  Concrete  which  will  be  Imper- 
vious to  Water?    If  so,  what  is  the  best  method? 

This  discussion  will  be  introduced  by  William 
B.  Landreth,  M.  Am.  Soc.  G.  E. 

Topic  No.  5.  What  is  the  effect  of  Sea- Water  upon  Steel,  and  upon 
Steel  and  Concrete  used  in  Combination,  and  is  the 
use  of  Steel  in  Sea- Water  admissible? 

Topic  No.  6.  In  view  of  the  increasing  weights  of  Rolling  Stock,  for 
what  loadings  should  Railroad  Bridges  be  de- 
signed? 

Henry  W.  Hodge,  M.  Am.  Soc.  C.  K,  will  opea 
this  discussion. 


Affairs.]  ACCESSIONS  TO  THE  LIBRARY.  167 

ACCESSIONS  TO  THE  LIBRARY. 

From  April  8th  to  May  12th,  1903. 
DONATIONS.* 

A  MANUAL  OP  FIELD  AND  OFFICE  METHODS 

For  the  Use  of  Students  in  Surveying.  By  William  D.  Pence  and 
Milo  S.  Eetchum.  Third  Edition.  Leather,  7x5  ins.,  252  pp.,  illus. 
New  York,  Engineering  News  Publishing  Co.,  1902.     $2.00. 

The  preface  states  that  in  preparing  this  manual  the  following  points  have  been 
kept  especially  in  view:  (1)  To  provide  a  simple  and  comprehensive  text  designed  to 
anticipate  and  supplement,  rather  than  replace,  the  usual  elaborate  treatise.  (2)  To 
bring  the  student  into  Immediate  familiarity  with  approved  surveying  methods.  (8) 
To  cultivate  the  student's  skill  in  the  rare  arts  of  keeping  good  field  notes  and  making 
reliable  calculations.  This  third  edition  is  issued  to  meet  the  call  for  the  manual  at 
various  technical  institutions  and  from  practicing  engineers.  With  a  view  to  increase 
the  value  of  the  book,  both  for  teaching  and  for  reference  purposes,  various  revisions  and 
additions  have  been  made.  Among  these  are  the  full  scale  samples  of  field  notes  on  the 
Inset  eheet  at  the  back  of  the  book.  The  Contents  are:  General  Instructions;  The  Chain 
and  Tape;  The  Compass;  The  Level;  The  Transit;  Topographic  Surveying;  Land  Bur 
veying:  Railroad  Surveying;  Errors  of  Surveying;   Methods  of  Computing;  Freehand 

THE  PRINCIPAL  SPECIES  OF  WOOD: 

Their  Characteristic  Properties.  By  Charles  Henry  Snow,  M.  Am. 
Soc.  C.  E.  Cloth,  10J  x  7  ins.,  16  +  203  pp.,  illus.,  39  plates.  New 
York,  John  Wiley  &  Sons,  1903.     33.50. 

The  preface  states  that  this  book  is  a  brief,  untechnical  presentation  of  the  general 
features  characterizing  economically  important  species  of  wood.  It  is  the  result  or  notes 
originally  brought  together  from  many  already  existing  sources  and  later  augmented, 
and  verified,  as  far  as  possible  for  present  use,  by  personal  observation.  This  work  is 
Intended  for  those  who  are  not  foresters  or  botanists,  but  who  use  woods  or  desire  knowl- 
edge of  their  distinguishing  properties.  Allusion  to  trees,  historical  and  other  refer- 
ences, aside  from  those  directly  regarding  woods,  are  made  for  completeness  and  in 
order  to  mark,  distinguish,  or  separate  the  species.  The  book  is  divided  into  three  parts: 
Introduction;  firoadleaf  or  Hardwoods;  Needleleaf  or  Softwoods.  There  is  an  index  of 
-eleven  pages. 

IRRIGATION  INSTITUTIONS. 

A  Discussion  of  the  Economic  and  Legal  Questions  Created  by  the 
Growth  of  Irrigated  Agriculture  in  the  West.  By  El  wood  Mead. 
Cloth,  1\  x  5  ins.,  11  -f  392  pp.,  illus.  New  York,  The Macmillan  Com- 
pany, 1903.     $1.25.     (Donated  by  the  Author.) 

The  preface  states  that  this  work  is  based  on  twenty  years1  experience  in  the 
development  of  irrigated  agriculture  in  the  arid  West.  Fifteen  years  of  this  time  were 
devoted  to  the  study  and  administration  of  irrigation  laws  as  assistant  state  engineer  of 
one  commonwealth  and  territorial  and  state  engineer  of  another.  The  duties  of  these 
positions  brought  the  writer  into  personal  and  official  relations  with  all  classes  of  men 
to  whom  the  problems  of  irrigation  were  of  vital  interest.  These  Included  not  only 
farmers,  ditch  builders,  and  investigators  in  irrigation  securities,  but  also  legislators 
and  jurists  who  were  shaping  the  legal-principles  which  are  to  control  the  distribution 
and  use  of  Western  water  supplies.  The  Department  of  Agriculture  is  studying  the 
methods  of  distributing  and  using  water  in  order  to  promote  its  more  skillful  and  effec- 
tive use,  and  is  inquiring  into  the  social  and  legal  questions  created  by  the  use  of 
streams  in  irrigation,  both  in  this  country  and  in  other  lands.  From  its  beginning  the 
writer  has  been  in  charge  of  these  investigations.  The  convictions  expressed  have  Deen 
more  largely  shaped  by  what  has  been  seen  than  by  what  has  been  read.  The  Contents 
are:  Introduction;  Land  LawB  of  the  And  Region;  The  Beginnings  of  Irrigation; 
The  Doctrine  of  Appropriation;  Contract  Water  Rights;  Measurement  of  Water;  The 
Duty  of  Water;  Irrigation  in  Colorado;  Irrigation  in  California;  Irrigation  in  Utah;  Irri- 
gation in  Wyoming;  Irrigation  in  Other  Arid  and  Semi-arid  States;  Riparian  and  In- 
terstate Rights;  Methods  and  Measures  Needed  for  Future  Development.  There  is 
an  index  of  eight  pages. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  Publishers. 
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COMPRESSED  AIR  INFORMATION; 

Or,  A  Cyclopedia  Containing  Practical  Papers  on  the  Production, 
Transmission  and  Use  of  Compressed  Air.  Edited  by  W.  L.  Saunders, 
M.  Am.  Soc.  C.  E.  Cloth,  9x6  ins.,  1  175  pp.,  illus.  "  Compressed 
Air,"  New  York,  copyright  1903.     $5.00.     (Donated  by  the  Editor.) 

This  publication  has  been  called  for  by  many  inquiries  addressed  to  the  editor  of 
Compressed  Air  asking  for  various  papers,  some  of  them  original  and  others  compiled, 
which  have  been  published  in  that  magazine  during  the  first  five  years  of  its  existence. 
The  supply  of  the  early  issues  having  been  long  since  exhausted  and  the  demand  con- 
tinuing, an  effort  has  been  made  to  present  in  a  single  book  of  reasonable  six©  all  the  im- 
portant practical  information  contained  in  the  first  fire  volumes.  No  attempt  has  beta 
made  to  introduce  new  matter,  but  the  various  papers,  editorials  and  notes  have  beaa 
selected  and  arranged  under  suitable  headings  so  that  any  one  seeking  information  oa 
this  subject  may  be  afforded  facilities  for  finding  it  properly  classified".  There  is  an  in- 
dex of  seven  pages. 

SILICO-CALCAREOUS  SANDSTONES. 

Building  Stones  from  Quartz -Sand  and  Lime.  Chemical  and  Tech- 
nical Principles  of  Their  Manufacture  According  to  the  Situation, 
Erection,  and  Management  of  Brick  Works.  By  Ernst  Stoffler.  Paper, 
36  pp.,  illus.,  5  plates.     N.  Y.,  Spon  &  Chamberlain.     $1.00. 


This  book  describes  in  detail  several  processes  for  making  artificial  building  i 
and  brick  from  mixtures  of  silicious  sand  and  lime;  the  hardening  of  the  stone  being 
obtained  either  in  the  open  air  or  by  steam  under  high  or  low  pressure. 

RULES  FOR  RAILWAY  LOCATION  AND  CONSTRUCTION 

Used  on  the  Northern  Pacific  Railway.  By  E.  H.  McHenry,  M.  Am. 
Soc.  C.  E.  With  an  Additional  Chapter  on  Estimating  Overhaul  in 
Earthwork,  Compiled  by  H.  P.  Gillette.  Cloth,  8x5  ins.,  88  pp. 
New  York,  The  Engineering  News  Publishing  Co.,  1903.     81.00. 

The  Chapter  headings  are:  Construction  and  Engineering  Departments;  Location: 
Surveys  and  Construction:  Track  and  Ballast;  Bridges  and  Culverts;  Accounting  and 
Miscellaneous;  Supplies;  Estimating  Overhaul  in  Earthwork. 

ENaiNEERINO  STUDIES.    Parts  III,  IV  and  V. 

By  Charle3  Evan  Fowler,  M.  Am.  Soc.  C.  E.  Paper,  10$  x  7  ins.T 
3  vol.,  illus.  New  York,  The  Engineering  News  Publishing  Co., 
1901-1903.     25  cents  per  vol. 


scriptions  and  criticisms  are  appended.  Parts  I  and  II  have  appeared  previously.  The 
Contents  are:  Part  III.  English  Stone  Arches;  Part  IV.  French  Stone  Arches;  Part  V. 
German  and  Austrian  Stone  Arches. 

THE  IMPROVEMENT  OP  RIVERS. 

A  Treatise  on  the  Methods  Employed  for  Improving  Streams  for 
Open  Navigation,  and  for  Navigation  by  Means  of  Locks  and  Dams.  By 
B.  F.  Thomas,  M.  Am.  Soc.  C.  E.,  and  D.  A.  Watt,  M.  Am.  Soc.  C.  R 
Cloth,  12  x  9 J  ins.,  14  +  356  pp.,  illus.,  92  plates.  New  York,  John 
Wiley  &  Sons,  1903.     $6.00  net;  postage  47  cents  additional. 

The  object  ot  this  work  is  to  provide  in  concise  form  a  description  of  the  various 
systems  used  in  bettering  the  conditions  of  navigable  streams,  together  with  the 
methods  usually  adopted  for  their  design  and  execution.  It  has  been  the  endeavor  to 
include  all  the  important  points  of  design  and  construction  which  are  likely  to  be  met, 
and  all  calculations  have  been  simplified  so  as  to  bring  them  within  the  range  of  those 
who  are  not  thoroughly  educated,  yet  whose  services  are  most  valuable  on  river  work  by 
reason  of  their  practical  experience  and  good  judgment.  The  authors  believe  that,  as 
this  branch  of  engineering  is  virtually  untaught  in  the  engineering  schools  of  this  coun- 
try, the  advent  of  this  treatise  will  widen  the  scope  of  the  usual  engineering  course  and 
Jirepare  students  for  entering  the  engineer  service  of  the  Government  through  the 
unlor  engineer  grade  of  the  civil  service.  With  this  object  in  view  hydrographic  sur- 
veys and  reports  and  examinations  have  been  treated  at  some  length.  The  Contents 
are:  Introduction;  Characteristics  of  Rivers;  Preliminary  Examinations  and  Surveys; 
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Topographical  Surveys  and  Leveling;  Hydrographic  Surveys;  Removal  of  Bars  and 
Other  Obstructions;  Regularization;  Dikes  and  their  Effects;  Protection  of  Banks;  Lev- 
ees; Storage  Reservoirs:  Improvement  of  River  Outlets;  General  Design  and  Construc- 
tion of  Works  for  Creating  Slack  Water;  Locks;  Lock  Gates  and  Valves;  fixed  Dams; 
Movable  Dams;  Needle  Dams;  Chanoine  Wicket  Dams;  Gate,  Curtain  and  Bridge  Dams; 
Shutter  and  A -Frame  Dams;  Drum  Wickets  and  Bear-Traps;  Recent  Construction  of 
Movable  Dams;  Dimensions,  etc.,  of  Locks  and  Dams  of  Certain  Rivers;  Specifications; 
Laws  for  the  Protection  and  Preservation  of  the  Navigable  Waters  of  the  United  States. 
There  is  an  index  of  six  pages. 

ELECTRICITY  AS  APPLIED  TO  MININCL 

By  Arnold  Lnpton,  M.  Inst.  C.  E.,  M.  I.  Mech.  E.,  M.  Inst.  E.  E. ; 
G.  D.  Aspinwall  Parr,  M.  Inst.  E.  E.,  A.  M.  I.  Mech.  E.,  and  Herbert 
Perkin,  M.  1.  M.  E.  Cloth,  9  x  6  ins. t  7  -f  280  pp.,  illus.  New  York, 
D.  Van  Nostrand  Cot,  1903.     $3.50. 

The  aim  of  the  authors  of  this  volume  has  been  to  present  the  leading  truths  and 
main  principles  of  electricity  and  electrical  engineering  without  going  into  great 
detail,  their  intention  being  that,  for  further  information  on  the  theory  and  practice  of 
the  subjects  of  electrical  and  mining  engineering,  recourse  should  be  had  to  some  of 
the  many  standard  works  already  in  existence.  They  have  been  unable,  in  the  space 
at  their  disposal,  to  deal  with  all  the  varieties  of  machines  and  appliances  now  in  use, 
typical  examples  of  good  practice  being  considered  sufficient  for  the  present  purpose. 
The  chapter  headings  are:  Introductory;  Dynamic  Electricity;  Driving  of  the  Dynamo; 
The8team  Turbine;  Distribution  of  Electrical  Energy;  Starting  and  Stopping  Elec- 
trical Generators  and  Motors:  Electric  Cables;  Central  Electrical  Plants:  Electricity 
Applied  to  Pumping  and  Hauling:  Electricity  Applied  to  Coal -Cutting;  Typical  Electric 
Plants  Recently  Erected;  Electric  Lighting  by  Arc  and  Glow  Lamps;  Miscellaneous 
Applications  of  Electricity;  Electricity  as  Compared  with  other  Modes  of  Transmitting 
Power;  Dangers  of  Electricity.    There  is  an  index  of  ten  pages. 

CONDUCTORS  FOR  ELECTRICAL  DISTRIBUTION; 

Their  Materials  and  Manufacture,  the  Calculation  of  Circuits, 
Pole- Line  Construction,  Underground  Workings,  and  other  Uses. 
By  F.  A.  C.  Perrine,  M.  Am.  Inst.  E.  E.  Cloth,  9x6  ins.,  7  -+-  287 
pp.,  illus.     New  York,  D.  Van  Nostrand  Co.,  1903.     $b\50. 

The  author  states  in  the  preface  that  this  book  represents  the  results  of  over  ten 
years  of  work  as  a  manufacturer  of  insulated  wires  and  cables,  as  an  engineer  advising 
concerning  their  installation  and  finally  as  a  teacher  of  electrical  engineering.  Over 
eight  years  has  been  consumed  in  actually  writing  and  revising.  The  original  rough 
cast  was  published  in  Electrical  Engineering,  the  last  chapter  appearing  three  years 
ago.  Tne  author  has  made  a  final  revision  and  has  presented  the  whole  as  a  book 
through  the  belief  that  by  the  previous  publication  he  has  been  enabled  to  eliminate 
from  its  pages  descriptions  of  materials  and  methods  that  are  not  founded  on  safe 
engineering  principles.  The  Contents  are:  Conductor  Materials;  Alloyed  Conductors; 
The  Manufacture  of  Wire:  Wire-Finishing;  Wire  Insulation;  Cables;  Calculation  of 
Circuits:  Kelvin's  Law  of  Economy  in  Conductors;  Multiple  Arc  Distribution;  Alter- 
nating Current  Calculation;  Overhead  Lines;  The  Pole  Line;  Line  Insulators;  Under- 
ground Conductors.    There  is  an  index  of  seven  pages. 

DIRECTORY    OP   AMERICAN   CEMENT    INDUSTRIES   AND    HAND-BOOK    FOR 
CEMENT  USERS. 

Edited  by  Charles  Carroll  Brown,  M.  Am.  Soc.  C.  E.     Cloth,  9x6 

ins.,  645  pp.      Municipal  Engineering  Company,  Indianapolis,  1901. 

(Donated  by  the  Editor.) 

The  publication  of  this  Directory  is  the  direct  result  of  the  many  demands  for  infor- 
mation upon  all  questions  connected  with  the  manufacture,  sale,  and  use  of  cement 
which  have  been  made  upon  theMunicipal  Engineering  Magazine,  and  of  the  conclusion 
drawn  that  the  time  has  now  arrived  for  the  publication  of  such  a  book,  giving  more 
particularly  from  the  practical  and  commercial  standpoints  the  answers  to  all  the 
classes  of  questions  which  those  interested  in  cement  are  asking.  The  Contents  are: 
Preface;  Introduction;  Testing  of  Cement;  Specifications  for  Cement:  The  Uses  of 
Cement;  Speciflcatipns  for  the  Use  of  Cement;  Data  for  Estimates  of  Cement  Work; 
Cement  Laboratories;  Freight  Rates  on  Cement:  Explanation  of  Reference  Notes:  De- 
scription of  Works  and  of  Processes  for  the  Manufacture  of  Cement;  Directory  of 
Cement  Brands;  Directory  of  General  Sales  Agents;  Classified  Directory  of  Cement 
Daalers  and  Users;  Dealers  in  Cement;  Contractors  and  Large  Users  of  Cement:  Engi- 
neers, Architects  and  Other  Supervisors  of  the  Use  of  Cement;  Workers  in  Cement; 
Cement  Tests  and  Analyses;  Machinery  and  Supplies  for  Cement  Plants;  Dealers  in 
Lime  and  Plaster;  Manufacturers  of  Lime;  Manufacturers  of  Plaster.  There  is  an  index 
©f  eight  pages. 
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EXPERIMENT^  ON  THE  FLEXURE  OP  BEAMS. 

Resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling. 
By  Albert  E.  Guy.  Cloth,  8  x  6  ins.,  122  pp.,  illus.  New  York,  D. 
Van  Nostrand  Company,  1903.     81.26  net. 

The  preface  states  that  the  analogy  of  the  failure  of  the  compression  side  of  a  beam 
Dy  buckling  to  the  method  of  failure  of  a  long  column  was,  of  course,  long  ago  remarked, 
but  it  is  believed  that  there  has  been  no  previous  attempt— certainly  no  successful 
attempt— to  connect  the  two  by  a  formula.  Mr.  Guy's  experiments  have  been  suocest- 
ful  beyond  any  reasonable  expectation  in  connecting  them  and  in  showing  that  Eutort 
formula  for  long  columns  is,  in  fact,  the  fundamental  formula  which  lies  at  too  base  of 
the  whole  subject.  The  Contents  are:  Introduction;  A  8ixnple Problem;  The  Transferal 
Shearing;  The  Longitudinal  Shearing;  The  Deflection  of  the  Beam;  Experiments;  Corol- 
lary; That  Simple  Problem;  The  Best  Form  of  8ectiou;  The  Central  web;  The  WWU 
of  the  Section;  Example;  Solution;  The  Shape  of  the  Beam;  The  New  Law;  r 

Gifts  have  also  been  received  from  the  following: 

Adams,  Arthur  L.    1  pam. 

Alaska  Mexican  Gold  Min.  Co.    2  pam. 

Alaska  United  Gold  Min.  Co.    1  pam. 

Allen,  Kenneth.    1  pam. 

Arlington,  Mass.— Town  Officers.    17  vol. 

Assoc,  des  Ingenteurs  Sortis  des  Ecoles 

Speciales  de  Gand.    1  no. 
Averlll,  F.  L.    1  bound  vol. 
Baldwin,  Wm.  H.    1  pam. 
Bangor,  Me.— CltyCferk.    19 vol. 
Bay  City,  Mich.— water  Dept.    1  pam. 
Berg,  Walter  G.    1  pam. 
Bessemer,  Ala.— City  Clerk.    8  pam. 
Bixby,  W.  H.    1  pam. 
Boston,   Mass.— City  Auditor.    16  bound 


vol. 

Braumttller,  Wilhelm.    1  pam. 
Bridgeton,  N.  J.— City  Comptroller.  1  pam, 
Brookline,  Mass.— Water  Board.    1  pam. 
Brooklyn,  N.  Y.— Pub.  Lib.    1  pam. 
Brooks,  Frederick.    2  pam. 
Brown,  C.  C.    1  bound  vol. 
Canada  Southern  Ry.  Co.    1  pam. 
Carter,  W.  J.    2  bound  vol. 
Chattanooga,  Tenn.— City  Engr.    1  vol.,  2 

pam. 
Church,  C.  F.    4  pam. 
Cincinnati,  Ohio— City  Auditor.    90  bound 

vol. 
Cincinnati,  Ohio— Water  Dept.    1  pam. 
Coll.  of  the  City  of  N.  Y.    26  pam. 
Colo.— Agri.  Exper.  Station.    1  vol. 
Columbian  Univ.    9  vol. 
Columbus,   Ohio— City  Clerk.    10  bound 

vol. 
Concord,  N.  H.— City  Engr.    6  pam. 
Concord,  N.  H.— Water  Dept.    1  pam. 
Conn.— State  Board  of  Health.    1  bound 

Vol. 
Cornell  Univ.    1  vol. 
Corthell,  E.  L.    1  pam. 
Davis,  C.  R.    2  pam. 
Des  Moines,  Iowa— City  Engr.    1  pam. 
Eddy.  Harrison  P.    1  pam. 
Eng.  6oc.,  School  of  Practical  Science.    1 

vol. 
Engrs.  Club  of  Cincinnati.    2  pam. 
Ericson,  John.    1  bound  vol. 
Erie,  Pa.— City  Clerk.    1  pam. 
Field  Columbian  Museum.    1  pam. 
Fitcbburg.  Mass.— City  Engr.    6  pam. 
Gloversvflle,  N.  Y.-  City  Clerk.    18  pam. 
Grand  Rapids,  Mich.— City  Engr.   1  bound 

vol.,  4  pam. 
Great  Brit.— Patent  Office.    9  pam. 
Greenalch,  Wallace.  10  bound  vols.,  8  pam. 
Griggs,  Julian.    11  vol.,  6  pam. 
Hatt,  W.  Kendrick.    1  pam. 
Haven,  W.  A.    1  pam. 
Haverhill,  Mass.— City  Engr.    5  pam. 


Haverhill,  Mass.— Water  Commrs.    1  pan 

Herschel,  Clemens.    1  bound  vol. 

Hey  land,  Alexander.    2  pam. 

Inst,  of  Civ.  Engrs.    3  pam. 

Jackson,  William.    12  pam.,  1  vol. 

Jacksonville,  Fla.— Trustees  of  Water- 
works,   lpam. 

Jersey  City,  N.  J.— Board  of  Street  and 
Water  Commrs.    6  pam. 

Koninklijk  Inst,  van  Ingenteurs.    2  pam. 

Lake  Erie  and  Western  R.  R.  Co.    1  pam. 

Lake  Shore  &  Michigan  Southern  Ry.  Co. 
1  pam. 

Ludlow,  Mrs.  William.    1  bound  voL 

Madras— Pub.  Works  Dept.    2  bound  voL 

Md.— Geol.  Surv.    7  bound  vol. 

Merridith,  G.  H.    2  pam. 

Mexican  Central  Ry.  Co..  Ltd.    1  ] 


Michigan  Central  R.  R.  Co.    1  pam. 
Milwaukee.  Wis.— Pub.  Works  Depu  IvoL 
Monson,  George  S.    1  pam. 
National  R.  R.  Co.  of  Mexico.    1  ] 


N.  J.— State  Geologist    2boundvoL 
New  York,  Chicago  &  St.  Louis  R.  R.  Oo» 

1  pam. 
N.  Y.  Coll.  of  Forestry.    2  pam. 
N.  Y.  State  Museum.    1  pam. 
N.  Y.  Univ.    1  pam. 
N.  Y.  Univ.  School  of  Applied  Science.   1 

pam. 
Oesterrelchischer  Ingenleur-  und  APChitafc- 

ten-Vereln.    1  pam. 
Ohio— State  Board  of  Health.  1  bound  vol. 
Orr,  Alexander.    1  pam. 
Osborn  Eng.  Co.    8  pam. 
Pennsylvania  R.  R.  Co.    1  pam. 
Pere  Marquette  R.  R.  Co.    1  pam. 
Piatt,  T.  0.    2  pam. 
Providence,  R.  I.— City  Engr.    1  pain. 
Rose  Potytechnlc  Inst.    1  vol. 
Saginaw,  Mich.— City  Clerk.    4  pam. 
Sibley  Coll.    1  pam. 
Soc.  des  Ingenieurs  Civils  de  France.    I 

vol. 
Springfield,  Bfass.— Water  Commrs.  lpam. 
Taunton,  Mass.— Water  Commrs.    1  pam. 
Thomas  S.  Clarkson  Memorial  School  of 

Tech.    2  pam. 
Tombo,  Carl.    8  bound  vol. 
U.  S.  Bureau  of  Statistics.    1  bound  voL 
U.  8.  Chief  of  Engrs.    28  specif. 
U.  S.  Geol.  Surv.    16  maps. 
U.  S.  Weather  Bureau.    1  bound  toL 
Univ.  of  Colo.    1  vol. 
Univ.  of  III.    2  pam. 
Univ.  of  Pa.    1  pam. 
Waddell,  J.  A.  L.    1  pam. 
Wilmington,  Del.— water  Dept.    1 
Worcester  Polytechnic  Inst.    1  vol. 
Ziffer,  E.  A    i  vol. 
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BY  PURCHASE. 

Electrotechnlk  in  Elnzeldarstellungen.  Unter  Mitwirkung  her- 
vorragender  Facb  manner  Herausgegeben  yon  Dr.  Gustav  Benischke. 
Vol.  I.     Braunschweig,   Friedrich  Vieweg  und  Sohn,  1902. 

Die  Wechselstromtechnlk.  Herausgegeben  von  £.  Arnold.  Vol. 
I.    Berlin,  Julius  Springer,  1902. 

A  Systematic  Method  of  Calculating  the  Dimensions  of  Direct- 
Current  Dynamo-Electric  Machines.  By  Carl  Kinsley.  Chicago, 
The  University  of  Chicago  Press,  1903. 

Secondary  Batteries:  Their  Theory,  Construction  and  Use.    By 

E.  J.  Wade.  New  York,  The  D.  Van  Nostrand  Co.;  London, 
44  The  Electrician"  Printing  and  Publishing  Company. 

Wireless  Telegraphy.  A  Popular  Exposition.  By  G.  W.  Tun- 
zelmann.  Third  Edition.  London,  The  Office  of  "  Knowledge," 
1902. 

Supplement  to  the  Directory  to  the  Iron  and  Steel  Works  of  the 

United  States.  Containing  a  Classified  List  of  Leading  Consumers  of 
Iron  and  Steel  in  the  United  States.  Compiled  by  the  American  Iron 
and  Steel  Association.  Corrected  to  January,  1903.  Philadelphia, 
The  American  Iron  and  Steel  Association,  1903. 

Proceedings  of  the  Purdue  Society  of  Civil  Engineering.  1896, 
98,  1900-01.     Purdue  University,  Lafayette,  Ind.,  1896-1901. 

First  Annual  Report  of  the  Wisconsin  Engineers'  Society,  Con- 
taining Papers  Read  at  the  Annual  Meeting  Held  at  Appleton,  March 
30,  1897.     No  place,  1897, 

Proceedings  of  the  Annual  Meeting  of  the  Indiana  Engineering 

Society,  1893  and  1896.     South  Bend,  1893-96. 

Proceedings  of  the  Iowa  Civil  Engineers'  and  Surveyors'  Society 

at  their  Ninth  Annual  Meeting  held  at  Ottumwa,  Iowa,  January  20-21, 
1897.     Glenwood,  Iowa,  1897. 

Eighteenth  Annual  Report  of  the  Ohio  Society  of  Surveyors  and 

Civil  Engineers,  being  the  Transactions  of  the  Society  at  its 
Eighteenth  Annual  Meeting  Held  in  Columbus,  Ohio,  January  18,  19 
and  20,  1897.     Columbus,  1897. 

Annual  Report  of  the  Association  of  Ontario  Land  Surveyors, 

1889,  1892-1900.   Toronto,  1889-1900. 

Notes  on  Concrete  and  Works  in  Concrete.  Especially  written 
to  *  Assist  those  Engaged  upon  Public  Works.  By  John  Newman. 
Second  Edition,  Revised  and  Enlarged.  London,  E.  &  F.  N.  Spon; 
New  York,  Spon  &  Chamberlain,  1894, 

Pumps  and  Pump  Motors.  A  Manual  for  the  Use  of  Hydraulic 
Engineers.  By  Philip  R.  Bj  or  ling.  2  vol.  London,  E.  &  F.  N. 
Spon;  New  York,  Spon  &  Chamberlain,  1895. 
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The  Principles,  Construction  and  Application  of  Pumping  Ma- 
chinery (Steam  and  Water  Pressure).  With  Practical  Illustrations  of 
Engines  and  Pumps  applied  to  Mining,  Town  Water  Supply,  Drain- 
age of  Lands,  etc. ,  also  Economy  and  Efficiency  Trials  of  Pumping 
Machinery.  By  Henry  Davey.  London,  Charles  Griffin  &  Company, 
limited;  Philadelphia,  J.  B.  Lippincott  Company,  1900. 


SUMMARY  OP  ACCESSIONS. 

April  8th  to  May  12th,  1903. 

Donations   (including  41  duplicates  and  1  number 

completing  volume  of  periodical) 385 

By  purchase 27 

Total 412 
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MEMBERSHIP. 


ADDITIONS. 

MEMBERS. 

Date  of 
Membership, 

Aranx,  Fba*k  Lloyd.    Structural  Engr.,  Offioe  I  ^^  M     Jftn       „  lg97 
of  Superr.   Archt.,   U.  S.  Treasury  Dept  <  ,,  „  '    „„„ 

Washington,  D.  C ......K  "V      «.  »» 

Bosler,   Harry  Sherman.    209    Houston    St.,  Chattanooga, 

Tenn Feb.     4,  1903 

Dabt,  Carlton  Rollin.     Bridge  Engr.,  San.  Dist.  of  Chicago, 

555  Monroe  St.,  Chicago.  Ill May     6,  1903 

Emmons,  Charges  Morton.    Asst  Engr.,  Penn.  Bridge  Co., 

Beaver  Falls,  Pa April    1,  1903 

Foster,  Ernest  Howard.    Vice-Pres. ,  Power  Specialty  Co.,  126 

Liberty  St.,  New  York  City May     6,  1903 

French,  Owen  Bert.    Asst.,  U.  S.  Coast  and  Geodetic  Surrey, 

Washington,  D.  C April    1,  1903 

Hillyer,  William  Ross.  Asst.  Coronir.  of  Public  Works, 
Borough  of  Richmond,  Mundy  Ave.,  West  New  Brighton, 

N.Y May      6,1903 

Larsson,  Carl  Gustaf  Emil.  Div.  Engr.,  Eastern  Div.,  Am. 
Bridge  Co.,  Pencoyd,  Pa.  (Res.,  Ii8  Sumac  St.,  Phila- 
delphia, Pa.) April    1,  1903 

McLean,  Archibald.    Engr.  in  Chg.  of  Maintenance,  Brooklyn 

Bridge,  179  Washington  St.,  Brooklyn,  N.  Y May      6,  1903 

Mitchell,  Samuel  Phillips.  Chf.  Engr.,  Am.  Bridge  Co.  of 
N  Y.,  N.  W.  cor.  15th  and  Chestnut  Sts.,  Philadelphia, 

Pa April    1,1903 

Olmsted  Ashbel  Edward.  Div.  Engr.,  Rapid  Transit  Sub- 
way Constr.   Co.  of  N.  Y.,  744  St.  Nicholas  Ave. ,  New 

York  City  May     6,  1903 

Potter,  Charles  Lewis.    Capt,  Corps  of  Engrs.,  U.  S.  A., 

P.  O.  Box  204,  Memphis,  Tenn April    1,  1903 

Rich,  Isaac.     Asst.  Engr.,  N.  Y.,  N.  H.  &  H.  R.  R.,  Room  469, 

Terminal  Station,  Boston,  Mass  May     6,  1903 

Rohweb,   Hknry.     Chf.  Engr.,   Mo.   Pac.    Ry.    Co.,    5900  A 

Clemens  Ave.,  St.  Louis,  Mo April    1,  1903 

Rust,  Henry,  Bedingeb.    Supt.  Constr.,  Colorado]  Assoc.  M.    April    6,  1898 
Fael  &  Iron  Co.,  65  Block  M, Pueblo,  Colo. .  (  M.  April    1,  1905 

/  Jun.  .  June  20,  1893 

Sirrihe,  Joseph  Emory.    Box  98,  Greenville,  S.  C.  •]  Assoc.  M.    May     4,  1898 

( M.  May     6,  1903 

Wabon,  Leonard  Chase.    Pres.,  Aberthaw  Constr.  r 

Co.,  8  Beacon  St,  Boston,  Mass.  iRes.,  199 \  Afl80°-  M'    APril    3»  ,901 
Harvard  St.,  Brookline,  Mass.) (  M-  APril    *»  19<>& 
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ASSOCIATE  MEMBERS.  M  Date  of 

Membership. 

Breed,  Charles  Blaney.     54  Hamilton  Aye.,  Lynn,  Mass. . . .  May  6,  19U3 

Connick,  Harris  De  Haven.    Asst.  Engr.,  Dept.  (  j  j  ~  ,™ 

of  Public  Works,  City  Hall,  San  Francisco,  -I         '  * 

Cal                         ......                                      (Assoc.  M.  Feb.  4,1903 

Crew,  Charles  Corwin.     Res.  Engr.,  St.  L.t  E.  C.  &  C.  By., 

Versailles,  Mo  April  1, 1908 

de  Von,  James  Laird.    Asst.  to  Cbf.  Engr.,  Am.  Bridge  Co.  of 

N.  Y.,  Pencoyd  Club,  Wissabickon,  Philadelphia,  Pa..  April  1,  1903 

Franklin,  Benjamin.     907  Crozer  Bid g.,  Philadelphia,  Pa April  1,1^03 

Gifford,  Robert  Ladd.     Pres.,  111.  Eog.  Co.,  319  Manhattan 

Bldg.,  Chicago,  III „ May  6,  1903 

Haight,  Horace  De  Remer.      Engr.    for    Thos.  j  Jun.  May  1,  1900 

Prosser  &  Son,  15  Gold  St.,  New  York  City . .  I  Assoc.  M.  Feb.  4,  1903 
Habtigan,   Frederick    Lawrence.      6233    Woodlawn    Ave., 

Chicago,  111 May  6,  19© 

Kimball,  William  Hale.    Davenport,  Iowa April  1,  1903 

Knapp,  Hermann  Meriwether.     Designing  Engr.,  Am.  Bridge 

Co.,  Pencoyd,  Pa May  6,  1903 

Miller,  George  Soter.  Fort  Wrigbl,  Fishers  Island,  N.  Y..  April  1,  1903 
Nepp,   Frank  Howard.    Prof,  of  Civ.  Eng.,  Case  School  of 

Applied  Science.     860  Doan  St.,  Cleveland,  Ohio May  6, 1903 

Omberg,  James  Adolphus,  Jr.     City  Engr.,  Memphis,  Tenn. .  April  1,  1903 

Pincombe,  William  Edwin.     East  Indian  By.,  Calcutta,  India.  Feb.  4,1903 

Sesser,   John    Cornelious.      Chf.    Engr.,  Nebr.,  ( j  s     t_  *;  ts99 

Kan*.  &  Gulf  By.  Co.,  303  New  England  j  Asgoc  ^  ^  /    ^ 

Bldg.,  Kansas  City,  Mo (  ^ 

Skellt,  James  William.     U.  S.  Engr.  Depot,  Ft.  j  Jun.  May  2,  1N99 

of  Arsenal  St. ,  St.  Louis,  Mo (  Assoc.  M.  April  1,  19U3 

Treadway,  Howard  Platt.  Pres.  and  Engr.,  Kansas  City  Bridge 

Co. ,  4 1 2  Massaoh usetts  Bldg.     Kansas  City,  Mo May  6, 1903 

associates. 

Umstead,  Charles  Henrt.     30  Austin  St.,  Portsmouth,  N.  H.  May  5.  19U3 

-    JUNIORS. 

Diamant,  Arthur  Herbert.  4  East  97th  St.,  New  York  City.  May  5,  1903 
Hausman,  Frederick  Appel.     Hotel  Bridgeport,  Bridgeport, 

Pa Feb.  3,1903 

Holmes,  Edwin  Merritt.     Engr.  for  The  Spanish  Am.  Iron 

Co. ,  Vinent  Mines,  Daiquiri,  Santiago,  Cuba Mar.  31,  1903 

Moore,  Egbert  Jessup.     413  Gay  St.,  Phoenix ville,  Pa Mar.  31.  1903 

Robb,  Louis  Adams.    71  Lincoln  Park,  Newark,  N.  J May  5,  1903 

Wild,  Herbert  Joseph.     Asst.  Engr.,  M.  0.  R.  R.,  Portland, 

Me Mar.  31,  1903 

Wtckopp,  Charles  Rapelyea,  Jr.     185  Penn  St.,  Brooklyn, 

N.  Y May  5.  1903 
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CHANGES  OP  ADDRESS. 


Adams,  Arthur  Lincoln 37  Crocker  Bldg.,  San  Francisco,  Cal. 

Ashmead,  Fba.nk  Melligan Engr.,  B.  of  W.,  B.  &  A.  V.  Div.,  P.  B. 

B.,  98  Johnson  Park,  Buffalo,  N.  Y. 
Beckwtth,  Frank Asst  Engr.,  Engr.  Office,  L.  S.  &  M.  S. 

By.,  Cleveland,  Ohio. 
Bellinger,  Ltlb  Frederick Civ.  Engr.,  U.  S.  N.,  in  Chg.  of  Eng. 

Work,    U.    8.    Naval    Station,  New 

Orleans,  La. 
Bogue,  Virgil  Gay 15  William  St.,  New  York  City  (Bes., 

458  Washington  Ave.,  Brooklyn,  N. 

Y.) 

Browne,  George  Hamilton Hawkwood,  Zion,  Louisa  Co. ,  Va. 
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<ao)  Iron  Age,  tf ew  York  City,  10c. 
(ai)  Railway   Engineer,    London,     Eng- 
land, 85c. 
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(68)  Mining  Journal,  London,  England. 
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LIST  OP  ARTICLES. 
Bridge. 

Essentials  Necessary  for  Successful  Practice  in  Bridge  Engineering.    J.  E.  Greiner, 

M.  Am.  Soc.  C.  E.    (Extracts  from  lecture  delivered  before  students  of  Cornell 

Univ.)    (13)  Apr.  9. 
The  Rio  Grande  Bridge  of  the  El  Paso  &  Southwestern  R.  R.  near  El  Paso,  Tex.*    R.  A. 

Thompson.    (13)  Apr.  9. 
The  Des  Moines  River  viaduct  of  the  Mason  City  &  Fort  Dodge  R.  R.,  at  Fort  Dodge,  la.* 

H.C.Keith.    (13)  Apr.  9. 
New  Railway  Bridge  over  the  Tyne.*    (13)  Apr.  10. 
Types  and  Details  of  Bridge  Construction.*   Frank  W.  Skinner.    (14)  Serial  beginning 

Apr.  11. 
Theory  and  Calculation  of  the  Two-Hinged  Spandrel-Braced  Arch.    Alex.  Rtoe  McKhn. 

(i4)  Apr.  11. 
Drawbridge  Calculations.    Edward  Godfrey.    (13)  Apr.  16. 
The  Paderno  Viaduct,  Italy.*    ( ia)  Serial  beginning  Apr.  17. 
The  Ouachita  River  Bridge,  Missouri  Pacific  Railway.*    (40)  Apr.  17. 
A  Steel  Truss  Highway  Bridge  with  Concrete  Floor.*    (14)  Apr.  95. 
Erection  of  the  Manhattan  Approaches  to  the  Williamsburg  Bridge.*    (14)  May  9. 
Le  Viaduc  du  Viaur  (Ligne  de  Carmaux  a  Rodez).*   R.  Godfernaux.    (30)  Apr. 

Electrical. 

The  Arcophone.    R.  A.  L.  Snyder.    (4a)  Mar. 

Telephone  Service.    8.  J.  Lamed.    (4)  Apr. 

The  Development,  Equipment  and  Operation  of  the  Sub-Stations  and 

Systems  of  the  Chicago  Edison  Co.  and  Commonwealth  Electric  Co. 

Smith.    (4)  Apr. 
Grounding  of  Alternate  Current  Systems.    Geo.  N,  Eastman.    (4)  Apr. 
The  Engineering  of  Illumination.*    Van  Renssellaer  Lanslngh.    (4)  Apr. 
Electricity  Works  of  Tunbridge  Wells.*    (36)  Apr.  8. 
On  the  Application  of  Three-Phase  Motors  to  the  Electrical  Driving  of  Workshops  and 

Factories.*    A.  C.  Eborall.    (so)  Apr.  8. 
Laboratory  Electric  Furnace  Equipment,  Owens  College,  Manchester,  England.*    (37* 

Apr.  4." 
Electrical  Manufacture  of  Steel  in  Sweden  *    G.  Lindman.    (37)  Apr.  4. 
Electrical  Extensions  at  Willesden.    (13)  Serial  beginning  Apr.  10. 
Sheet  Steel  for  Static  Transformers.    Walter  S.  Moody.    (37)  Apr.  11. 
De  Forest  Wireless  Telegraph  System.    A.  Frederick  Collins.    (37)  Apr.  11. 
Wireless  Telegraphy  in    the  United    States.     E.   Guarini.     (26)    Serial  beginning 

Apr.  17. 
Some  Notes  on  Electrically  Driven  Winding  Engines.*    (57)  Apr.  17. 
Vancouver  Transmission  Plant.*    Wyatt  H.  Allen,    (37)  Apr.  18. 
The  Lodge-Mulrhead  System  of  Wireless  Telegraphy  *    H.  C.  Fyfe.    (46)  Apr.  18. 
Insulating  Materials:  A  Field  for  the  Chemist.    Max  von  Recklinghausen.    (Paper  read 

before  the  Amer.  Electrochemical  Soc.)    (13)  April  28. 
Electric  Safety  Fuses.    (36)  Apr.  24. 
The  Development  of  Marconi's  System  of  Wireless  Telegraphy*    Emile  Guarini    *  19) 

Serial  beginning  Apr.  25. 
Telephone  Exchanges.*    Arthur  V.  Abbott.    (37)  Serial  beginning  April  25. 
Corrosion  of  Metals  by  Electrolysis.    A.  A.  Knudson.    (Abstract  of  paper  read  before 

the  Amer.  Electrochemical  Soc.)     (37)  Apr%  25. 
Development    in    Telephone    Switchboard    Equipment    at    Bloomington,   HI-*     1*7) 

Apr.  25. 
Core  Type  Transformers.*    (37)  Apr.  25. 

General  Specifications  for  the  Construction  of  Telephone  Aerial  Lines.*    (37)  Apr.  ££. 
The  Telegraphone  and  the  British  Post-OfHce.*    Herbert  C.  Fyfe.    (46)  Apr.  85. 
The  Cascade  Water,  Power  and  Light  Co.,  Cascade,  B.  C,  Canada.     W.  G.  McConno*. 

(37)  Apr.  25;  (18)  Apr.  25;  (14T  May  2. 
Notes  on  Recent  Electrical  and  Scientific  Developments  Abroad.*    William  J. 


(^)_Seriai  beginning  May. 


Small  Water  Powers  with  High  Heads  for  Electric  Lighting*    Thoburn  Retd.     (■•> 

May. 
The  Central  Avenue  Power  Station  (Kansas  City).*    H.  S.  Badger  and  G.  E.  Schrefber. 

(64)  May. 
The  Motive  Power  of  the  Future.*    Horace  D.  B.  How.    (Abstract  of  paper  read  before 

the  South  Wales  Inst-,  of  Engrs.)    (33)  May  1. 
The  New  Aberdeen  Electricity  works.*    (36)  May  1. 
Electricity  Supply  for  Small  Towns  and  Villages.    (47)  May  2. 
The  New  Brussels  Telephone  Exchange.*    (37)  May  2. 
The  Blondel  Oscillograph.*    (37)  May  2. 
Electrical  Equipment  of  the  Farmer's  Bank  Building,  Pittsburg.*    L.  L.  Rmenoa. 

(U)  May  9. 
A  Twenty-Ton  Switching  Electric  Storage  Battery  Locomotive.*    ( 16)  May  9. 
Improvements  in  the  Du  Bois  Electric  &  Traction  System.*    ( 17)  May  9. 
The  Arnold-Bragstad-La  Cour  Poly  cyclic  Power  Transmission  System.*    O.  S.  Bragafcad. 
(*7)  May  9. 

*  Illustrated. 
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electrical-  (Continued). 

La  Dactyle  ttlectrique.*    O.  Rochnfort.    (3a)  Feb. 

Note  sur  lea  InHtaJlationa  Hydro-Electriques  ae  Rheinfelden,  d©  Zurich  et  de  Schwys,  en 

8ul88e.*   Q.  Herman.    (30)  Apr. 
Fonctionnement   de  r&lairage  Electrlque  sur  lea  R6seaux  de  Traction.     Maurice 

Soubrier.    (36)  Serial  beginning  April  10. 

Marine. 

On  the  Effect  of  Modern  Accessories  on  the  Size  and  Coat  of  Warships.    W.  H.  Whiting. 

(Paper  read  before  the  Inst,  of  Naval  Archts.)    (ia)  Apr.  8;  (11)  Apr.  3. 
On  the  "  Lines  "  of  Fast  Cruisers.*    C.  C.  P.  FitzGerald.    (Paper  read  before  the  Inst. 

of  Naval  Archts. )    (11)  Apr.  3. 
Carbonic  Anhydride  Refrigerating  Machinery  for  Marine  Use.*    S.  H.  Bunnell.    (13) 

Apr.  0. 
The  Naval  Boiler  Problem:  Test  of  the  Hohenstein  Boiler.*   John  Halligan,  Jr.    (From 

the  Journal  of  the  Amer.  80c.  of  Naval  Engrs.)    (13)  Apr.  9. 
The  Screw  as  a  Means  of  Propulsion  for  Shallow-Draft  vessels.*  A.  F.  Yarrow.  (Paper 

read  before  the  Inst,  of  Naval  Archts.)    (ia)    Apr.  10;  (11)  Apr.  10. ■ 
The  LjungstrOm  Condenser  as  Applied  to  Marine  Engines.   William  Cross.  (Paper  read 

before  the  Inst,  of  Naval  Archts.)     (13)  Apr.  8;  (11)  Apr.  17. 
The  Ballasting  of  Steamers  for  North  Atlantic  Voyages*     8.  J.  P.  Thearle.     (11) 

Apr.  17. 
Screw  Steamer  for  Towing,  Salvage  and  Fire  Purposes.*    (11)  Apr.  17. 
The  Italian  First-Class  Battleship  Beneditto  Brin*    (ia)  Apr.  17. 
Results  of  a  Naval  Inquiry  as  to  Which  is  the  Most  Powerful  Armor-Clad  Afloat    (19) 

Apr.  18. 
-Corrosion  In  Metal  Pipes  on  Board  Ship.    A.  W.  Stewart.    (Paper  read  before  the  Inst. 

of  Naval  Archts.)    (11)  Apr.  24. 
Marine  Installations  for  the  Carriage  of  Refrigerated  Cargoes.*    R.  Balfour.    (Paper 

read  before  the  Inst,  of  Naval  Archts.)    (ia)  Apr.  24. 
Ijes  Machines  du  Croiseur  Protege  Russe  Bogatyr*    (36)  Apr.  10. 

Mechanical. 

On  the  Use  of  Beaumont  Oil  as  a  Fuel.    Henry  H.  Humphrey.    (1)  Mar. 

The  Handling  and  Storing  of  Iron  Ore.    Charles  Piez.    (a)  Apr. 

The  Slip  of  Belts.    J.  Stormonth.    (ia)  Apr.  8. 

The  Valuation  of  Coals.    E.  L.  Rhead.    (aa)  Apr.  8. 

Coking  Badly  Caking  Coal:  A  New  Mechanical  Process.*    (aa)  Apr.  8. 

Slotting  and  Drilling  Machines.*    Thomas  R.  Shaw.    (47)  Serial  beginning  Apr.  4. 

Power  Production  oy  Gas  Producers  and  Engines  *    Robert  W.  A.  Brewer.  A.  M.  I. 

C.  E.    (Paper  read  before  the  Civil  and  Mechanical  Engrs.  Soc.)    (47)  Serial  be- 
ginning Apr.  4. 
Carbonic  Anhydride  Refrigerating  Machinery  for  Marine  Use.*    S.  H.  Bunnell.    (13) 

Apr.  9. 
Blooming  Mill  of  the  ROchling  Iron  and  Steel  Works.    (11)  Apr.  10. 
The  Curtis  Steam  Turbine.*   W.  L.  R.  Emmet.    (Paper  read  before  the  Amer.  Philo- 
sophical Soc.)     (17)  Apr.  11;  (37)  Apr.  11;  (64)  May;  (18)  May  2:  Extracts    (14) 

Apr.  11. 
The  Locomobile  Gasoline  Car  *    (46)  Apr.  11. 
The  Mond  Power-Gas  Process.*    (66)  Apr.  14. 
Queen's  Engineering  Works,  Bedford.*    (a6)  Apr.  17. 

Power  Plant  for  the  New  Government  Building  at  San  Francisco.*    (14)  Apr.  18. 
The  Design  and  Testing  of  Centrifugal  Fans.*    W.  Gilbert,  A.  M.  I.  C.  E.    (Paper  read 

before  the  Civil  and  Mechanical  Engrs.  Soc.)    (aa)  Apr.  84;  (47)  Serial  beginning 

Apr.  18. 
The  Pedratl— A  New  Type  of  Road  Locomotive  *    Herbert  C.  Fyf  e.    (46)  Apr.  18. 
-Some  Special  and  Peculiar  Types  of  Vertical  Boilers.*    William  H.  Fowler,  M.  Inst.  C. 

E.    (47)  Apr.  18. 
Transmission  of  Power  by  Compressed  Air.    W.  C.  Popplewell,  A.  M.  Inst.  C.  E.    (47) 

Apr.  18. 
Oaa  Manufacture  for  1008  at  the  Old  Kent  Road.    (66)  Apr.  21. 
Moving  a  110-Ft.  Steel  Chimney.*    ( 13)  Apr.  23. 
Measuring  the  Power  Required  for  Sneet  Rolling  Mills.    H.  G.  Manning,  M.  Am.  Soc.  M. 

E.    (13)  Apr.  28. 
Chill  Rolls;  The  Problems  of  Their  Manufacture  and  Use.    B.  E.  V.  Luty.    (ao)  Serial 

beginning  Apr.  28. 
Machinery  for  the  Panama  Canal.*    Waldon  Fawcett.    (6a)  Apr.  28. 
Wind- Engines  at  the  Royal  Agricultural  Society's  Ground,  Ealing*    (11)  Apr.  24. 
Modern  Development  of  the  Steam  Turbine.*    Frank  C.  Perkins.    (46)  Apr.  25. 
Blue  Water  Gas  and  Its  Enrichment  by  the  Peebles  Oil  Gas  Process.*    E.  J.  Brockway. 

(Paper  read  before  the  Eastern  Counties  Gas  Mgrs.  Assoc.)    (66)  Apr.  28. 
A  Chain  with  Detachable  Links.*    ( 13)  Apr.  80. 

The  New  Works  of  the  American  Turret  Lathe  Mfg.  Company.*    (ao)  Apr.  80. 
The  Manufacture  of  Slag  Bricks  and  Slag  Blocks.    Edwin  C.  Eckel,  Assoc.  Am.  Soc.  C. 

E.    (13)  Apr.  80. 
Liquid  Fuel  for  Power  Purposes.    Arthur  L.  Williston.    (o)  May. 

*  Illustrated. 
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Mechanical—  (Continued) . 

Modern  American  Machine  Tools,  from  the  Standpoint  of  a  Designer.*    Charles  H.  Ben- 
jamin.   (10)  May. 
Distributing  Illuminating  Gas  at  High   Pressure:  Some  Examples   from  American 

Practice.    F.  H.Shelton.    (10)  May. 
Valve  Gear  of  the  Porter-Allen  Engine.*    (64)  May. 
The  Cotton  Oil  Industry  in  America.*    D.  A.  Tompkins.    (10)  May. 
Recent  Steam  Turbine  Applications,  with  Data  of  Performances.*    G.  L.  Parsons.    (10) 

May. 
Layout  of  Corliss  Valve  Gears.*    Sanford  A.  Moss.    (64)  Serial  beginning  May. 
The  Hult  Rotary  Steam  Engine.*    (a6)  May  1. 
The  New  Armour- Plate  Mill  at  Creusot.*    (11)  May  1 . 
The  Royal  Agricultural  Society's  Windmill  Trials*    da)  May  1. 
Producer  Gas.    A.  Humboldt  Sexton.    (47)  Serial  beginning  May  2. 
The  Manufacture  and  Properties  of  Hollow  Pressed  Steel  Car  Axles.*    Camille  Mercader. 

(Paper  read  before  the  Iron  and  Steel  Inst)    (30)  Serial  beginning  May  7;  (40) 

May  8;  (18)  May  9;  Abstract  (13)  May  7. 
Petroleum  and  Petroleum  Lubricants.    William  F.  Parrish,  Jr.    ( Paper  presented  before 

the  New  England  St.  Ry .  Club. )    (17)    May  9. 
The  Use  of  Reheaters  in  Compound  Engines.    ( 14)  May  9. 
A  Double  Drum  Boiler.*    (14)  May  9. 
Les  Moteurs  a  Alcool  au  Concours  International  de  1908  (Resultats  des  Experiences 

Faites  a  la  Station  d'Essais  de  Machines).    Max  Ringelmann.    (37)  Mar. 
Les  Installations  Nouvelles  de  la  Sucrerie  Centrale  de  Cambrai,  a  Escaudopuvres.*     E. 

J.  Brunswick.    (33)  Serial  beginning  Apr.  18. 
Les  Machines  a  Vapeur  a  l'Exposition  de  Ddsaeldorf.*    P.  F.  Dujardin.     (33 )  Apr.  85. 

Metallurgical. 

Electrical  Manufacture  of  Steel  in  Sweden.*    G.  Lindman.    (37)  Apr.  4. 

Metallic  Conduction  and  the  Constitution  of  Alloys.    John  Alexander  Mathews.    (6a) 

Apr.  6 
The  New  Furnaces  at  the  Rio  Tlnto  Works*    (16)  Apr.  18. 
Refining  Gold  by  Electrolysis.    (10)  Apr.  18. 

Smelting  of  Raw  Sulphide  Ores  at  Ducktown.*    W.  H.  Freeland.    '16)  May  2. 
The  Krupp  Works  at  Essen.*    Day  Allen  Willey.    ( 10)  Serial  beginning  May  9. 
L'Erat  Actual  de  Nos  Connaissancessur  la  Constitution  des  Aciers  au  Car  bone.     Leon 

Quillet.    (33)  Serial  beginning  Apr.  4. 
Les  Nouveaux  Process  d'Extractton  de  1'Or:    Proc6d$  Rlecken.*     F.  Schiflf.      (33) 

Apr.  11. 

Military. 

The  Springfield  Magazine  Rifle,  Model  1908.*    (44)  May- June. 

Mining. 

Electrical  Coal-Cutting  Machines.*    Fredk.  W.  Hurd.    (59)  Vol.  xxv,  Pt.  8. 

Electric  Winding  Engines.*    E.  KUburn  Scott,  M.  I.  E.  E.    (a  a)  Serial  beginning  Apr.  8. 

A  New  Ventilating  Fan  and  Engine  at  Littleton  Colliery,  Cannock.*    (aa)  Apr.  8. 

Outbursts  of  Firedamp  in  Mines.    (57)  April  8. 

Central  Electric  Power  Stations  for  Gold  Mines.    J.  W.  Kirkland.     (Paper  read  before 

the  Mech.  Engrs.  Assoc,  of  the  Witwatersrand.)    (47)  Apr.  4. 
Mining  Methods  on  the  Klondike.*    Eugene  Haanel.    ( id  >  Apr.  11. 
Diamond  Drilling.    J.  N.  Justice.    (Abstract  of  paper  read  before  the  Inst,  of  Mining 

and  Metallurgy.)    <aa)  Apr.  84. 
Systematic  Timbering  in  Continental  Mines.*    (37)  Serial  beginning  Apr.  84. 
Hoisting  from  Great  Depths.    Hans  C.  Behr.    (16)  Serial  beginning  Apr.  85. 
Miner's  Ptbisis  and  Dust  in  Mines.    William  Cullen.    ( 16)  Apr.  86. 
Chain  and  Pick  Coal  Cutting  Machines.*    H.  S.  Johnson.    (16)  Apr.  85. 
The  Daft  and  Williams  System  of  Electrical  Prospecting  for  Mineral  Ore*.*    07)  Apr. 

25. 
The  Stewart  River  Gold  Dredge.*    A.  W.  Robinson.     ( Paper  read  before  the  Canadian 

Mining  Inst. )    (68)  Apr.  85;  ( 16)  May  8. 
A  Practical  System  of  Mine  Accounting.    E.  Jacobs.    (9)  May. 
The  Weir-Plttsburg  District  of  the  Kansas  Coal  Field.*    w.  R.  Crane.    (45)  May. 
Electric  Mining  Drills.*    (45)  May. 
Present  Practice  in  Gold  Dredging.    (45;  May. 
Third-Rail  Tail-Rope  Haulage  System.*    (45)  May. 
Timbering  in  the  Collieries  of  Saxony  and  Austria.*    (aa)  May  1. 
Electricity  in  Mines.*    (37)  May  1. 
A  Modern  Method  of  Coal  Washing.*    C.  A.  Meissner.     (Paper  read  before  the  Nova 

Scotia  Mining  80c)    fi6)  May  9.  ^ 

The  Edison  Dry  Process  for  tha  Separation  of  Gold  from  Gravel.*    Cloyd  M.  Chapman. 

(16;  May  9. 

Miscellaneous. 

The  Engineering  of  Illumination.*    Van  Renssellasr  Lansingh.    (4)  Apr. 
The  "  State  of  the  Art "  in  Patent  Cases.    H.  Bovie  Schermerhorn.    fa)  Apr. 

*  Illustrated. 
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Miscellaneous— (Coatloued). 

Engineering  Work  on  the  Louisiana  Purchase  Exposition  at  St.  Louis.*    ( 13)  Apr  23. 
The  Louisiana  Purchase  Exposition  at  St.  Louis:  The  Present  Status.*    (ao)  Apr.  28. 
The  Education  of  Engineers  in  America,  Germany  and  Switzerland.     W.  E.  Dalby. 
(Paper  read  before  the  Inst,  of  Mech.  Engrs. )    (11)  May  1. 

Municipal* 

Portland  Cement  Sidewalk  Construction.    (67)  Serial  beginning  Apr. 

The  Misuse  of  Public  Sidewalk  Areas  and  Vaults.    Reginald  Pelhani  Bolton,  M.  Am.  80c. 

C.  E.    (14)  Apr.  18. 
A  Defense  of  the  High  Prices  for  Street  Lighting  in  New  York,  and  a  Reply  Thereto. 
_    (13)  Apr.  28. 

The  Dirt  Road.    G.  A.  Roullier,  M.  Am.  Soc.  C.  E.    (14)  Apr.  25. 
Coal-Tar  Pavements  in  Northern  New  England.    (14)  Apr.  25. 


Road  Laws  of  Illinois.    Ira  O.  Baker.    ( 14)  Apr.  25. 

Massachusetts  State  Highways*    A.B.Fletcher.    (14)  Apr.  25. 

State  Highway  Laws  of  New  Jersey.    (14)  Apr.  25. 

New  York  State  Aid  Road  Laws.    (14)  Apr.  25. 

Road  Construction  and  Maintenance  in  Europe.    (14)  A 

The  Use  of  Oil  on  Roads.    Hiram  M.  Chittenden.    ( 13)  1 

A  Few  Thoughts  on  Present  Practice  of  Road  Construct 

C.  E.    (14)  Apr.  25. 
Progress  of  Steel  Roads.    Roy  Stone.    (14)  Apr.  25. 
New  Methods  of  Road  Construction.    Fred  J.  Warren.    (14)  Apr.  26. 
Brick  as  a  Paving  Material.    (60)  May. 
Improved  Maintenance  of  Earth  Roads.*    Henry  P.  Morrison,  M.  Am.  Soc.  C.  E.    (14) 

May  2. 
L'Organisation  du  Service  de  la  Voirie  par  Terre  en  Belgique.    A.  Bernard.    (30)  Apr. 

Railroad. 

Pittsburgh— Her  Waterways  and  Her  Railways.    Antes  Snyder.    (58)  Feb. 
Freight  Congestion;  Train  and  Yard  Classification;  Delays  En  Route;  Causes;  Remedies. 
Walter  C.  Herron.    (38;  Feb. 


An  Electric  Car  Lighting  System.*    W.  L.  Bliss.    (4a)  Mar. 

Axle  Lighting.    Elmer  A.  Sperry.    (4a)  Mar. 

An  Axle- Light  System  of  Train  Lighting.*    Arthur  J.  Farns worth.    (4a)  Mar. 


The  Columbus  Shop  Improvements.*    (13;  Apr.  17;  (18)  Apr.  11. 


Some  of  the  Problems  of  Electric  Train  Lighting.    Geo.  D.  Shepardson.    (4a)  Mar. 

Heating  and  Ventilating  of  Railroad  Shops.    J.  I.  Lyle.    (65}  Mar. 

Electric  Railways.*    H.  M .  Brinckerhoff.    (4)  Apr. 

The  Third  Rail  for  High  Speed  Electric  Service.    Ernest  Gonzenbach.    (4)  Apr. 

A  Caledonian  Locomotive  Giant.*    Chartes  Rous- Marten.    (ia)  Apr.  8. 

Great  Eastern  3-Cy  Under  10- Wheeled  Coupled  Tank  Engine.*    (47;  Apr.  4. 

The  Electrification  of  the  Cincinnati.  Georgetown  &  Portsmouth.*    Jsf.  M.  Stevens.    (15) 
Apr.  10;  (40)  Apr.  10. 

Test  Depaitments.    C.  W.  Gennet,  Jr.    (15)  Apr.  10. 

Four  Cylinder  Compounds  in  Europe.*    Reginald  Gordon.    (15 )  Apr.  10. 

Proposed  Design  or  Locomotive  Valves  for  High  Speeds.    J.  V.  N.  Cheney.    (15)  Apr.  10. 

Santa  F6  Work  on  China  Basin  (San  Francisco.  j*    (40)  Apr.  10. 

The  Magnetic  Traction  Increaser.    (40)  Apr.  10. 

The  Columbus  Shop  Improvements.*    (15 

The  Transandine  Railway.*    (18)  Apr.  11. 

A  Novel  Snow  Locomotive.*    (46)  Apr.  11. 

Rock  Island  Consolidation  (2-8-0)  Locomotive.*    (15)  Apr.  17. 

The  Cincinnati,  Georgetown  &  Portsmouth  Railroad.*    (14)  Apr.  18. 

New  Erie  Terminals  at  Jersey  City  and  New  York.*    (15;  Apr.  24. 

The  Milan-Varese-Porto-Ceresio  Electric  Railway.*    <a6)  Apr.  24. 

The  General  Arrangement  of  Railroad  Repair  Shops.*    ( 40)  Apr.  24. 

The  Greater  Wabash:  A  General  Account  of  the  New  Construction  Extending  the  Wa- 
bash to  Pittsburg  and  the  Coast.*    (40)  Apr.  24. 

Rockford.  Beloit  &  Janesville  Railroad— Power  Plant,  Operation  and  Equipment.*    (17) 

Apr.  25. 
The  Locomotive  Steel  Frame  and  Its  Repairs.    A.  W.  McCaslin.    (Paper  presented  be- 
fore Ry.  Club  of  Pittsburg. ;    (18)  Apr.  25. 
The  Great  Eastern  Railway  "  Decapod."*    James  Holden,  M.  Inst.  C.  E.    (10)  May. 
Kail  way  Trains  on  Ferries:  The  Cross  Channel  Passage.*    Archibald  S.  Hurd.    (10) 

May. 
Steel  Cars  on  the  Bessemer  &  Lake  Erie  Railroad.*    (as)  May. 
Tandem  Compound  Freight  Locomotive.  New  York  Central  and  Hudson  River  Railroad.* 

(35)  May. 
.Freight  Locomotive;  Chicago,  Rock  Island  &  Pacific  Railway.*    (39)  May. 
Automatic  Block  Signals,  C.  M.  &  St.  P.  Railway.*    W.  H.JUliott.    (40)  May  1;  (15) 

May  1. 
Automatic  Couplers  on  British  Railways.*    T.  A.  Brockelbank.    (39)  May  1. 
Extension  of  Clapham  Junction  Station;   London  &  Southwestern  Railway.*     (ia) 

May  1. 
I>ecapod  Tank  Locomotive  for  the  Great  Eastern  Railway  of  England.*    (40)  May  1. 

*  Illustrated. 
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Rallroad-(Contlnued) . 

The  Lackawanna  Telephone  System.*    (40)  May  1. 

Fort  Wayne  Shop  Improvements.*    (15)  May  1. 

Frisco  System  Standard  Roundhouse  Arrangement.*    (18)  May  2. 

The  8eattle-Tacoma  Interurban  Railway.*    Howard  S.  Knowlton.    (17)  May  2. 

The  Manufacture  and  Properties  of  Hollow  Pressed  Steel  Car  Axles*    Camilie  Mercader. 

(Paper  read  before  the  Iron  and  Steel  Inst)    (20)  Serial  beginning  May  7;  (40)  May 

8;  (18)  May  9;  Abstract  (13)  May  7. 
Developments  in  St.  Louis  Terminal  Facilities.*    (18)  May  9. 
Gulf  &  Ship  Island  Ry.  Shops.*    ( 18  >  May  9. 
Note  but  la  Locomotive  Compound  a  4  Cylindres  de  la  Compagnle  dee  Chemins  de  Fer 

de  Jura  Simplon.*    Camilie  Barbey.    (3SJ  Apr. 
Quariricycle  et  Wagonette  a  Petrol  pour  la  Circulation  but  lea  Llgnes  de  Chemins  de 

Fer.*    L.  Pierre  Gu6don.    {33)  Apr.  18. 
Attelage  Automatique  des  Wagons.*    G.  Mareschal.    (33)  Apr.  25. 
Etude  sur  les  Freins.    E.  Billy  and  H.  Noalhat.    (36)  Serial  beginning  Apr.  25. 

Railroad,  Street. 

Rapid  Transit  in  New  York.    Robert  P.  Porter.    (11)  Apr.  10. 

The  East  Boston  Tunnel.*    (15)  Apr.  10. 

Car  Shop*  of  the  Rochester  Railway.*    ( 17)  Apr.  11. 

Ventilation  of  Street  Cars.*    (17 )  Apr.  11. 

Subway  Structures  of  the  Philadelphia  Rapid  Transit  Company.*    (14)  Apr.  18. 

"      ~  '"'      """     "nited  Railways  of  Sau  Francisco*    (17)  Apr.  18. 


New  Power  Plans  of  the  United  Railways  of  Sau  Francisco.*    ( 1 7] 

r.  18. 
Apr.  24. 
The  Surface  Contact  Tramways  at  Wolverhampton.*    ( 1a)  Apr.  24. 


Subway  and  Elevated  Construction  in  Philadelphia.    (17)  Apr. 

The  Electrification  of  the  Mersey  Rail  way.*    (id  Apr.  24. 

The  Surface  Contact  Tramways  at  Wolverhampton.*    (ia, 

Philadelphia  Rapid  Transit  Plans.*    (15)  Apr.  24. 

Locomotion  and  Transport  in  London.*    Edward  Davy  Pain.    (15)  Apr.  24. 

Ohio  Central  Traction  System.*    ( 17)  Apr.  25. 

Working  Drawings  for  an  Electric  Flat  Car .*    Arthur  B.  Weeks.    (17)  Apr.  25. 

The  Construction  of  Semi- Convertible  Cars.*    (17)  Apr.  25. 

The  Whitechapel  and  Bow  Railway.*    (11)  Serial  beginning  May  1. 

Power  Plant  of  the  Worcester  &  Blackstone  Valley  Street  Railway  Company.*    (14) 

May  2. 
Types  of  Car  Tracks  for  City  Streets.*    (14)  May  2. 
Conduit  Construction  in  Brussels.*    (17)  May  2. 

Improvements  in  the  Do  Bois  Electric  &  Traction  System.*    (17)  May  9. 
~  rot  of  Yerkes*  London  Underground  Railways.*    (17)  May  9. 


Noiseless  Railway  Crossings.*    (17)  May  9. 
Le  Metropolitain  de  Paris.*    A.  Dumas.    (33)  Serial  beginning  Mar.  28. 
Le  Chemin  de  Fer  Metropolitain  de  Paris:  Ligne  Circulaire  Nord  par  les  Boulevards 
Exterieurs.*    Raymond  Godfernaux.    (38)  Apr. 

Sanitary. 

Sewer  System  for  Indiana  Harbor.  Indiana.*    (14)  Apr.  11. 

The  New  Septic  Tanks  and  Bacterial  Contact  Beds  at  Exeter,  England.*    ( 13)  Apr.  16. 
Ventilation  and  Heating  in  Rockefeller  Hall,  Vassar  College.*    (14)  Apr.  25. 
Excavations  for  Sewerage  Purposes  and  Unaccounted  for  Gas:  An  Experience.    E.  G. 
Bmithard.    (Paper  read  before  the  Eastern  Counties  Gas  Mgrs.  Assoc.)  (66)  Apr.  28. 
Ventilating  and  Heating  in  the  New  Government  Building  at  San  Francisco.*  (14)  May  2. 

Structural. 

On  the  use  of  Influence  Lines  in  Graphic  Statics.*    Myron  S.  Falk.    (6)  Jan. 

Paint    Houston  Lowe.    (61)  Mar. 

Rock  Asphalt  and  Asphalt  Mastic.    Henry  Wiederbold.    (a)  Apr. 

Apparatus  for  and  Methods  of  Treating  wood,  to  Protect  it  from  Fire  and  Preserve  it 

from  Decay.    Joseph  L.  Ferrell.    (a)  Apr. 
Manufacture  of  Cement  from  Marl  and  Clay.*    Henry  S.  Spackman.    (a)  Apr. 
A  Proposed  New  8ystem  of  Building  Retort-Houses.    (66)  Serial  beginning  Apr.  7. 
A  186-Ft.  Concrete  Chimney.*    James  D.  Schuyler.  M.  Am.  Soc.  C.  E.    (14)  Apr.  11. 
Concrete  Pile  Foundations  of  the  Hallenbeck  Building.  New  York.*    (14)  Apr.  11. 
Comparative  Tests  of  Limestone  and  Gravel  Screenings  and  Torpedo  Sand  for  Concrete. 
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Since  the  days  of  Nobel's  invention  of  dynamite,  bis  mixture,  or  a 
close  approximation  to  it,  has  been  used  in  practically  all  industrial 
work  requiring  the  use  of  a  high  explosive — until  very  recent  yean. 

For  some  ten  or  fifteen  years  in  Europe,  and  two  or  three  years  in 
this  country,  there  have  been  coming  into  use  some  explosive  com- 
pounds of  the  nitro-substitution  class,  Bo-called,  which  are  claimed  to 
have  advantages  over  the  dynamites,  from  the  standpoints  of  noo- 
freezability,  safety  in  handling,  and  certain  other  points,  varying  with 
the  particular  compound. 

In  the  summer  of  1900,  while  on  the  New  York  Division  of  the  Erie 
Railroad,  the  writer  had  occasion  to  recommend  for  trial  an  explosive 
having  picric  acid  and  sodium  nitrate  for  the  principal  constituents, 
and  which  was  advertised  to  be  rather  higher  in  power  than  40%  dyna- 
mite. There  had  recently  been  an  explosion  of  dynamite  in  storage, 
for  which  no  definite  cause  was  discovered,  and  which  was  rather  ex- 
pensive; moreover,  the  40%  dynamite  was  thought  to  be  a  little  weak 
for  the  rock  to  be  handled,  which  was  a  hard  metamorphic  rock,  called 
by  the  natives  "bastard  trap." 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  dlscuaaoft. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion*  either  oral  or  written,  will  be  published  in  • 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers,  witb  rf<nifim 
in  full,  .will  be  published  in  Transaction*. 
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A  box  of  this  material,  known  as  Joveite,  was  ordered,  and  careful 
tests  made  under  the  supervision  of  the  writer,  the  results  of  which, 
with  some  supplementary  ones  which  he  made  later,  were  as  follows: 
The  material  is  a  yellow  powder,  resembling  corn  meal,  put  up  in 
cartridges  similar  to  those  of  dynamite  in  size  and  shape.  A  quantity 
of  the  powder  was  placed  on  a  rail  and  hammered  with  a  sledge  with- 
out result  until  after  several  trials  a  spark  was  struck,  and  the  powder 
remaining  on  the  rail  burned  up  with  about  the  rapidity  of  celluloid. 

A  stick  was  then  fired  into  with  a  shot-gun  without  result,  and  then 
small  quantities  of  equal  bulk  of  Joveite  and  40%  dynamite  were 
detonated  on  the  corners  of  a  wrought-iron  plate,  with  a  view  to  deter- 
mine the  intensity  of  explosion.  The  indication  from  two  trials  was 
that  dynamite  was  a  little  the  quicker.  Several  trials  were  made  by 
mudcapping,  in  comparison  with  40%  dynamite,  and  no  difference  in 
the  results  detected.  The  powder  was  then  used  in  the  rook  itself, 
and  gave  results  practically  identical,  as  far  as  work  was  concerned, 
with  those  from  dynamite.  Its  general  use  was  then  recommended, 
and  has  been  continued  up  to  the  present. 

Joveite  is  somewhat  lighter,  bulk  for  bulk,  than  dynamite,  the 
proportion  being  2  to  3,  and  it  was  found  that  it  would  do  just  about 
the  same  amount  of  execution  in  the  rock,  bulk  for  bulk.  This  made 
the  cost  the  same,  or  a  little  less,  the  price  per  pound  being  11  or  12 
cents.  The  material  is  a  dry  powder  and  therefore  will  not  freeze.  It 
has  been  used  in  the  coldest  weather  without  noticeable  variation  in 
strength  or  sensitiveness,  and,  as  far  as  the  writer  knows,  has  never 
exploded  accidentally. 

As  soon  as  the  men  became  familiar  with  the  material  they  began 
to  take  liberties  with  it,  such  as  tamping  it  heavily  in  the  hole.  This 
gave  rise  to  trouble,  in  the  first  few  months  of  its  use,  for  the  cartridge 
in  which  it  was  put  up  was  made  of  paper  and  frequently  burst  under 
this  treatment,  with  the  result  that  the  powder  was  not  properly  con- 
fined in  the  hole  and  there  were  a  number  of  cases  of  imperfect  deto- 
nation. The  powder  is  not  easily  detonated  when  wet,  and,  loaded  in 
wet  holes,  its  use  was  very  unsatisfactory,  dynamite  being  substituted; 
but,  recently,  the  manufacturers  have  devised  a  water-tight  cartridge 
-with  a  cloth  fiber,  which  admits  of  considerable  tamping  and  distor- 
tion without  becoming  pervious.  Loaded  in  this  manner,  its  use  is 
eminently  satisfactory. 
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The  men  in  the  quarry  had  complained  of  the  well-known  effect  of 
the  nitroglycerine  fumes  from  dynamite.  The  writer  made  a  careful 
examination  of  Joveite,  in  this  particular,  and  did  not  succeed  it  get- 
ting a  suspicion  of  headache  from  it,  and  he  has  heard  no  complaints 
in  this  respect,  with  one  exception,  which  was  at  second-hand,  and 
which  he  was  unable  to  verify.  When  detonated,  it  has  a  distinctly 
perceptible  odor,  which  is  slightly  suggestive  of  nitro-glycerine,  but  is 
not  unpleasant. 

The  detonation  is  accomplished  in  the  ordinary  manner,  by  the  use 
of  a  single-strength  fulminate -of -mercury  cap,  either  with  a  powder 
fuse  or  fired  from  a  battery.  In  firing  with  a  fuse,  some  trouble  was 
experienced  occasionally,  from  the  fact  that  the  material  is  inflam- 
mable. When  the  cap  was  inserted  too  far  into  the  cartridge,  the  fire 
from  the  fuse  itself  would  sometimes  be  communicated  to  the  powder 
before  the  primer  was  fired,  which  resulted  in  a  "  flower  pot."  This 
was  obviated  by  the  use  of  electric  fuses,  or,  on  the  other  hand,  by  a 
little  care  in  the  setting  of  the  powder  fuse.  It  is  to  be  regretted 
that  in  many  cases  owners  of  quarries  still  use  the  old  Bickford  type 
of  fuse. 

In  the  spring  following  the  disastrous  dynamite  explosion  at  Forty- 
second  Street,  in  New  York  City,  the  manufacturers  of  Joveite  held  a 
public  exhibition  of  their  product,  at  which  they  ignited  a  pile  of 
boxes  containing  600  lbs.  of  the  explosive.  The  exhibitors  said  that 
their  only  feeling  of  nervousness  was  lest  by  some  faint  chance  a  mer- 
cury primer  might  have  got  among  the  boxes.  The  crowd  stood 
about  80  yds.  from  the  boxes,  and  it  must  be  confessed  that  while  the 
mass  was  taking  fire  the  situation  was  decidedly  interesting.  About 
150  or  200  lbs.  of  the  explosive  burned  up  immediately,  scorching  and 
charring  the  remaining  boxes,  which  had  not  been  broken  open. 
These  were  then  broken  open  and  lighted,  when  the  mass  blazed  up 
and  was  entirely  consumed,  with  the  evolution  of  a  dense  white  smoke, 
and  no  very,  noticeable  odor.  Another  interesting  demonstration*  was 
that  of  dropping  a  200-lb.  weight  upon  a  box  of  the  explosive  in  which 
were  scattered  bits  of  iron,  nails,  etc.,  resting  on  an  anvil.  The  fall  wat 
about  30  ft,  producing  sufficient  heat  of  friction  and  impact  to  ignite 
the  powder. 

A  very  important  point,  which  the  writer  does  not  think  has  yet 

*  Mentioned  in  a  letter  by  the  writer,  in  Engineering  Neica,  January  28d,  190B. 
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been  established  definitely,  is  whether  this  explosive  can  be  made  to 
detonate  without  flame.  It  is  claimed,  by  the  manufacturers  of  a  rival 
powder,  that  their  product  is  absolutely  flameless,  and  can  be  used 
safely  in  mine  workings  where  there  is  a  large  quantity  of  dust,  fire  damp, 
etc.,  in  the  air.  The  manufacturers  of  Joveite  say  that,  under  special 
conditions,  where  a  perfect  detonation  can  be  effected,  they  think  that 
there  is  no  flame  from  their  product.  In  a  mine,  under  service  condi- 
tions, they  do  not  claim  entire  immunity  from  flame.  It  has  not  yet 
been  demonstrated,  to  the  writer's  satisfaction,  that  any  explosion  ac- 
companied by  evolution  of  heat  is  not,  under  some  conditions,  likely  to 
be  also  accompanied  by  flame.  Moreover,  the  question  is  still  open 
whether  fire  damp  or  mine  dust,  with  a  proper  admixture  of  gases, 
may  not  be  detonated  by  shock.  In  the  writer's  opinion,  the  most  in- 
structive experiments  with  Joveite  were  witnessed  by  him  at  the 
company's  laboratory  in  March,  1903. 

Two  sticks  of  the  material  were  placed  on  the  ground,  end  to  end, 
the  adjacent  ends  being  about  8  ins.  apart,  and  one  stick  only  de- 
tonated. Afterward,  the  other  stick  was  detonated  by  itself.  Two 
sticks  were  placed  side  by  side,  4  ins.  apart,  and  one  detonated  with- 
out detonating  the  other.  A  stick  was  placed  on  the  ground,  and  a 
mercury  fulminate  cap  of  single  strength  was  fired  i  in.  from  and 
pointed  at  the  center  of  the  stick.  The  blast  from  the  cap  tore  open 
the  cartridge  and  threw  out  some  of  the  powder  without  detonat- 
ing it. 

A  quantity  of  the  powder  was  sprinkled  upon  a  red-hot  iron  plate. 
As  the  particles  touched  the  plate  they  flashed  into  flame  with  a  sput- 
tering, or  burned  quietly  until  consumed. 

A  small  quantity  of  the  powder  was  placed  in  a  small  glass  tube  which 
was  in  turn  inserted  into  the  middle  of  another  tube  and  placed  between 
the  poles  of  an  extremely  powerful  spark  machine.  The  machine  was 
easily  capable  of  generating  a  continuous  spark  14  ins.  long,  and  was 
so  powerful  that  it  could  not  be  operated  for  more  than  a  few  seconds 
at  a  time  without  burning  out  the  heavy  rubber  insulation  from  the 
copper  wires.  When  the  spark  was  generated,  it  perforated  the  smaller 
glass  tube,  about  1J  ins.  in  length,  longitudinally.  The  effect  of  the 
spark  on  the  explosive  was  to  fuse  it  and  burst  the  tube.  Most  of  the 
Joveite  was  burned,  and  none  of  it  detonated. 

A  description  of  the  process  of  manufacture  of  Joveite,  kindly  fur- 
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nished  by   Mr.  Frank  P.    Harris,  Chemist   of   the    company,  is  v 
follows: 

The  powder  is  composed  of  a  mixture  of  nitro-naphthalenes,  nitro- 
phenols,  and  a  metallic  nitrate. 

The  proportions  are  as  follows: 

No.  1.  No.  2.  No.  3. 

Nitro-naphthalenes 9  10  8 

Nitro-phenols 14         24  30 

Metallic  nitrate 77  66  62 

Picric  acid  is  used  for  the  nitro-phenol,  and  is  what  gives  the  pow- 
der its  yellow  color.  It  should  be  noted,  in  passing,  that  this  sub- 
stance stains  the  hands  of  the  workmen  using  it.  The  stains  ire 
almost  impossible  to  avoid  in  using,  unless  the  whole  sticks,  paraffined, 
are  used,  and  are  exceedingly  difficult  to  remove  with  the  ordinary 
materials  at  the  workman's  command.  The  yellow  stains  are  not 
easily  visible  by  artificial  light.  Picric  acid  is  soluble  in  alcohol  and 
ether. 

The  metallic  nitrate  is  dried  thoroughly  by  means  of  a  rotating- 
drum  dryer,  screened,  and  conveyed  to  a  steam-heated  room  to  be 
kept  from  absorbing  moisture. 

The  nitro-napthalenes  are  first  melted  in  a  steam -jacketed  kettle, 
and  stirred  by  paddle  arms,  at  the  temperature  of  boiling  water. 
Then  the  nitro-phenols  are  put  in  and  melted,  and,  finally,  the  metal- 
lic nitrate,  in  the  form  of  a  dry  powder,  is  stirred  thoroughly  with 
the  other  ingredients.  After  a  time  allowed  for  thorough  mixing,  the 
powder  is  removed  to  mechanical  screens  and  there  granulated  to  a 
free-running  powder. 

By  using  the  nitro-napthalene3  in  this  way  it  is  possible  to  meh 
the  nitro-phenols  at  a  safe  temperature,  while  the  presence  of  nitro- 
naphthalenes  in  the  finished  product  renders  it  quite  insensitive  to 
shock.  By  coating  the  grains  of  the  metallic  nitrates  with  the  mixt- 
ure of  the  nitro  ingredients,  the  nitrates  become  protected  from  the 
atmosphere  as  by  a  varnish,  for,  while  the  nitro-phenols  are  slightly 
soluble  in  water,  they  are  not  deliquescent. 

The  quality  of  the  powder  depends  wholly  on  the  purity  of  the 
ingredients  and  the  intimacy  with  which  they  are  mixed. 

The  granulated  powder  is  then  packed  in  shells  of  various  lengths 
and  diameters,  made  of  strong  cloth-lined  paper,  and  dipped  in  a 
paraffine  solution,  which  renders  them  water-  and  moisture  proof. 
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The  finished  shells  are  packed  in  wooden  boxes,  with  no  precaution 
as  to  jar  or  shock.  The  powder  is  also  sold  as  a  free-running  powder, 
put  up  in  water-proof  bags. 

"  Spontaneous  combustion  is  not  possible.  There  is  no  instance 
known  of  a  nitro-substitution  compound,  such  as  these,  undergoing 
spontaneous  decomposition;  though  the  first  of  these  bodies  was  dis- 
covered in  1788,  and  they  have  since  been  largely  used  in  the  arts." 

Picric  acid  is  C6  H2  (N  02)3  O  H, 
Sodium  nitrate  is  Na  N  O3, 
Nitro-naphthalene  is  C10  H7  N  02. 
The  action  of  this  material,  taken  together  with  its  in  sensitiveness, 
would  seem  to  indicate  that  it  detonates  rather  more  slowly  than 
dynamite,  and,  if  this  may  be  said  of  any  detonation,  progressively. 

The  writer  has  considered  this  material  in  comparison  with  other 
high-power  explosives  in  use,  viewed  in  the  light  of  the  following  con- 
siderations: 

Any  high  explosive  belongs  to  one  of  two  general  classes : 
(1) — Explosives  proper,  which  may  be  considered  as  represented  by 
the  "  mixtures,"  such  as  gunpowder  and  the  chlorate  mixtures;  and 

(2) — Detonating  "  compounds,"  including  the  nitric  derivatives, 
gunootton  and  nitro-glycerine,  and  the  nitro-substitution  compounds, 
each  as  Joveite,  Masurite,  Lyddite,  Belli te,  Securite,  the  Volney  pow- 
ders,  Emmensite,  Gelbite  and  Boburite.     The  line  of  demarkation 
between  an  explosion  and  a  detonation  is  by  no  means  absolutely  de- 
fined in  all  oasea,  but,  on  the  other  hand,  there  are  numbers  of  oases 
which  are  undoubtedly  on  one  side  or  the  other  of  this  line.     Black 
gunpowder,  for  example,  is  readily  exploded  when  confined  by  heat 
properly  applied  in  the  form  of  a  spark.    It  is  exceedingly  difficult 
to  detonate,  however,  without  the  admixture  of  a  high  explosive  to 
give  it  sudden  and  great  pressure.     Iodide  of   nitrogen  is  readily 
detonated  by  a  fly  walking  on  it,  but  it  is  questionable  whether  it  has 
actually  been  exploded  progressively. 

In  the  case  of  gunpowder,  the  explosion  is  the  result  of  combus- 
tion instituted  and  propagated  by  a  high  temperature,  in  other  words, 
heat.  The  cause  of  detonation  is  not  quite  so  clear.  Abel's  theory  of 
"  Sympathetic  Explosion  "  was  that  it  was  due  to  synchronous  vibra- 
tions, the  originating  cause  of  the  detonation  being  the  synchronism 
between  the  vibrations  produced  by  the  body  which  provokes  the 
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detonation  and  those  which  the  first  body  would  produce  in  detonat- 
ing. Mr.  Eissler,  in  his  work  on  "The  Modern  High  Explores," 
states  that: 

"  The  propagation  of  explosions  by  influence  is  not  made  in  virtue 
of  an  undulatory  movement,  which  is  a  complex  motion  of  a  chemical 
and  physical  order  in  the  midst  of  the  explosive  substance  which  ii 
decomposed,  while  it  is  purely  physical  in  the  midst  of  intermediary 
substances  which  suffer  no  decomposition.     But  that  which  distin- 
guishes this  sort  of  movement  of  the  vibrations,  properly  so  called, 
is,  first  of  all,  the  magnitude  of  the  mechanical  energy  which  it  trans- 
mits; it  is  also  the  unique  character  of  the  explosive  wave  which  is 
propagated  in  oontra-distinction  with  the  multiplicity  of  sonorous 
waves.     Finally,  it  is  essential  to  observe,  that  the  explosive  material 
does  not  detonate  because  it  transmits  the  movement,  but,  on  the  con- 
trary, because  it  arrests  it,  and  because  it  transforms  on  the  spot  the 
mechanical  energy  into  thermal  energy,  capable  of  suddenly  raising 
the  temperature  of  the  substance  up  to  the  degree  which  will  produce 
its  decomposition. " 

A  stick  of  Joveite,  placed  against  an  iron  plate  and 'fired  upon  with 
a  steel-jacketed  bullet  from  a  high-powered  rifle,  will  detonate.  The 
impact  of  the  bullet  on  the  plate  will  generate  considerable  heat  and 
at  the  same  time  set  up  a  high  order  of  vibration,  neither  of  these 
agencies  alone,  as  proved  by  the  tests  before  mentioned,  being  adequate 
to  produce  that  effect.  The  writer  is  informed  that  in  the  last -men- 
tioned experiment  a  sheet  of  paper  placed  between  the  Joveite  and 
the  iron  plate  will  nullify  the  effect. 

The  writer  has  concluded,  then,  that  the  statement  made  by  the 
manufacturers  of  Joveite  is  correct,  namely,  that  it  requires  for  detona- 
tion a  vibration  of  a  certain  quality  and  degree  of  intensity,  together 
with  a  definite  amount  of  heat. 

The  contrasted  qualities  of  the  safety  explosives,  as  compared  witk 
dynamite,  can  most  easily  be  considered  by  tabulating  a  number  of  the 
best-known  characteristics  of  ordinary  dynamite.    These  are  as  follows: 

(1)  Power; 

(2)  Cost;  initial  price; 

(3)  Rapidity  of  action; 

(4)  Facility  and  cost  of  detonation; 

(5)  Applicability  to  various  conditions  of  work ; 

(6)  Temperature  of  detonation; 

(7)  Freezing  phenomena; 

(8)  Ease  of  transportation  and  cost; 
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(9)  Ease  of  storage  and  cost; 

(10)  Flame  from  explosion; 

(11)  Fumes,  and  effects  from  handling; 

(12)  Specific  gravity; 

(13)  Risks;  divided  into:  (a)  risks  from  proper  handling; 

and  (b)  risks  from  improper  handling. 
There  is  no  satisfactory  way  of  comparing  the  power  of  different 
explosives  from  the  view-point  of  efficiency  in  the  rock,  except  by 
actual  tests  nnder  working  conditions.  The  ordinary  method  for 
rough  comparison  is  to  load  a  mortar  with  a  known  weight  of  explo- 
sive, and  observe  the  distance  or  height  to  which  a  projectile  will  be 
thrown.  Another  plan  is  to  explode  a  small  quantity  of  material 
within  a  lead  casket,  and  note  the  deformation  of  the  lead.  Neither 
of  these  methods  gives  comparable  results,  for  the  reason  that  the  ob- 
served effect  depends  upon  three  factors:  The  rapidity  of  detonation, 
the  volume  of  gases  generated,  and  the  temperature  of  the  gases 
found. 

The  rational  criterion  of  the  strength  of  any  explosive  is,  of  course, 
the  amount  of  energy  (t.  e.  force  X  distance)  which  a  unit  quantity 
will  develop.     Commercially,  this  is  of  little  value,  because  of  the  well- 
known  laws  of  blasting.    In  rather  hard  rock  which  is  not  very  seamy 
the  higher  grade  of  Joveite,  called  3xx,  is,  from  all  the  evidences  which 
the  writer  oould  gather,  more  efficient  than  so-called  40%  dynamite.   It 
appears  to  have  considerably  more  energy,  pound  for  pound,  but  does 
not  deliver  such  a  quick,  shattering  blow  as  the  higher  dynamites. 
When  used  under  conditions  comparable  to  those  for  40%  dynamite  it 
should  be  loaded  in  charges  corresponding  with  normal  dynamite 
charges,  bulk  for  bulk,  and  will  then  give  probably  more  economical 
results.    For  certain  kinds  of  tunnel  work  in  extremely  hard  and 
tenacious  rook,  or  where  the  rock  is  much  seamed  and  fissured,  the 
higher  grades  of  dynamite  are  probably  more  efficient  than  the  3xx 
grade  of  Joveite  as  at  present  manufactured. 

The  foregoing  remarks  apply,  of  course,  only  to  the  grades  of  Joveite 
examined  by  the  writer.  It  will  be  noted  that  the  highest  of  these 
grades  contains  only  30%  of  picric  acid.  There  is  every  reason  to  sup- 
pose that  it  will  be  practicable  to  make  a  grade  of  Joveite,  containing, 
perhaps,  more  picric  acid,  very  much  more  powerful  than  the  present 
product,  for  fused  picric  acid  is  practically  Lyddite,  one  of  the  most 
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powerful  explosive  substances  known.  Ecrasite,  a  salt  of  tri-nitTo- 
cresol,  in  the  same  family  as  the  picric  salts,  is  said  to  be  in  effect 
twice  as  strong  as  dynamite.    It  is  said  that  it  is  "  made  in  Germany/' 

The  cost  of  detonating  Joveite  is  the  same  as  that  for  dynamite,  the 
same  primer  being  used.  A  point  which  is  not  yet  generally  appre- 
ciated by  workmen  is  that  Joveite  and  dynamite,  through  improper 
setting,  will  not  always  detonate  as  they  should,  and,  as  a  result,  much 
labor  and  money  are  wasted.  The  point  of  setting  the  sticks  in  con- 
tact and,  as  nearly  as  possible,  entirely  filling  the  hole,  with  the  max- 
imum safe  amount  of  tamping,  is  often  lost  sight  of.  In  the  tamping, 
Joveite  has  a  great  advantage,  as  it  may  be  tamped  heavily. 

The  range  of  practicable  application  for  the  "  safety  explosives"  is 
large.  The  writer  is  informed  that  Joveite  has  been  used  sucoessfallT 
to  break  up  frozen  iron  ore  on  the  cars,  an  application  probably  quite 
beyond  the  reach  of  dynamite. 

It  may  be  transported  long  distances  readily,  and  used  for  such 
purposes  as  digging  post-holes  in  frozen  ground.  It  should  not  be 
difficult  to  apply  it  to  the  driving  of  piles,  the  loosening  of  frozen 
earth  and  similar  work. 

The  cost  of  transportation  and  storage  of  the  safety  explosives 
should  be  much  less  than  with  dynamite.  In  a  railway  collision, 
Joveite  will  presumably,  at  the  most,  burn  up.  In  storage  or  trans- 
portation it  is  difficult  to  see  where  it  is  more  dangerous  than  celluloid, 
except  when  adjacent  to  a  box  of  fulminate  caps. 

The  safety  explosives  may  or  may  not  be  nameless,  but  the  same 
thing  is  true  of  "  car  bo-dynamite  "  containing  nitro-glycerine  and 
charcoal. 

The  gases  from  the  combustion  of  the  picric  acid  compounds  seem 
to  be  highly  corrosive  to  iron  and  steel. 

The  following  is  a  list  of  some  of  the  dangers  arising  from  the  nse 
of  dynamite,  which  have  been  subdivided  into  two  classes,  and  which, 
in  the  light  of  the  facts  outlined,  point  a  striking  moral: 

(a)  Dangers  inevitable,  even  with  reasonable  care; 

(1)  Spontaneous  explosion  in  storage; 

(2)  Lightning; 

(3)  Part    of    charge   failing  to  go  off  and  remaining  undis- 

covered until  exploded  either  by  the  sun's  rays  or  by  being 
struck  by  a  tool ; 


Papers.]  A  NEW  SAFETY  EXPLOSIVE.  417 

(4)  Train  wreck; 

(5)  Drilling  near  missed  hole; 

(6)  Flame.     Fire-damp. 

(b)  Dangers  incidental  to  the  handling  of  dynamite  as  practiced 
every  day; 

(1)  Dropping  stick  or  box; 

(2)  Hole  too  small  for  cartridge;  ramming  down  cartridge; 

(3)  Bamming  too  hard,  or  ramming  with  metal  bar; 

(4)  Deepening  missed  hole; 

(5)  Returning  to  relight  fuse; 

(6)  Testing  the  end  of  a  hole  with  an  iron  bar  after  a  blast,  to 

see  if  any  of  the  charge  remains; 

(7)  Forcing  primer  into  cartridge; 

(8)  Bamming  in  the  first  bail  of  tamping  clay; 

(9)  Breaking  a  cartridge  when  near  the  freezing  point; 

(10)  Stepping  upon  particles  of  explosive; 

(11)  Thawing  in  tin  over  a  fire; 

(12)  Thawing  in  front  of  kitchen  Are; 

(13)  Thawing  in  the  men's  boots  or  shirts; 

(14)  Thawing  in  an  oven; 

(15)  Hot  water  containing  dynamite  placed  on  a  blaoksmith's 

fire; 

(16)  Thawing  with  candle; 

(17)  Reheating  water  which  has  been  used  in  thawer; 

(18)  Throwing  on  ground  water  which  contains  nitroglycerine 

from  thawing  cartridges; 

(19)  Rubbing  cartridge  in  hands  to  complete  thawing; 

(20)  Cartridge  left  in  pocket  of  garment  hung  before  fire  to 

dry; 

(21)  Having  cartridge  and  primer  near  eaoh  other  when  not  in 

use; 

(22)  Destroying  material  not  considered  desirable. 

Numbers  (2)  and  (6)  are  the  only  cases  under  Class  (a)  in  which 
danger  is  to  be  apprehended  from  the  use  of  Joveite.  The  experiment 
of  passing  a  high-tension  spark  through  it  is  perhaps  as  near  to  natural 
conditions  as  it  is  practicable  to  get  in  the  laboratory,  but  the  writer 
is  not  satisfied  that  Joveite  may  not  be  exploded  by  lightning. 

Under  Class  (b)  we  have  (5)  and  (21)  as  the  only  elements  of  danger 
mentioned  above  which  are  common  to  dynamite  and  Joveite. 
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This  list  of  "  dangers  "  which  the  writer  has  complied  is,  of  coune, 
not  complete,  but  it  should  be  pretty  well  distributed  over  the  field  of 
ordinary  engineering  practice. 

A  rival  product  to  Joveite,  previously  mentioned,  is  Masnrite, 
which  the  writer  has  not  tested  personally.  It  resembles  Joveite,  and 
is  claimed,  doubtless  with  justice,  to  be  very  insensitive  to  shock, 
heat,  percussion,  concussion,  an  electric  spark,  etc.  The  compositun 
is  secret,  but  it  contains  a  large  amount  of  ammonium  nitrate.  It  b 
claimed  to  be  about  as  strong,  bulk  for  bulk,  as  dynamite  of  com* 
sponding  grade,  and  to  be  not  only  nameless  but  non-inflammable.  The 
cartridge  is  of  paper,  as  at  present  made,  and  is  probably  subject  to 
the  same  objections  as  the  early  Joveite  cartridges  before  the  adopticn 
of  cloth  fiber.  It  will  not  detonate  properly  when  wet,  and  reqnir* 
a  double-strength  primer.  An  important  objection  to  it  is  in  the  fart 
that  the  material  cakes,  and  in  that  condition  will  not  detonate 
readily,  but  when  being  loaded,  the  cartridges  must  be  thoroughly 
rolled  between  the  hands.  With  reference  to  the  claim  that  this 
material  is  non-inflammable,  the  point  suggests  itself  whether  in  a 
large  Are,  accompanied  with  much  smoke  and  carbon  in  suspension, 
ammonium  nitrate  would  not  form  a  highly  explosive  mixture.  This 
point  the  writer  will  not  attempt  to  discuss. 
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Before  proceeding  to  the  presentation  and  discussion  of  the  experi- 
mental data  upon  which  this  paper  is  based,  it  may  be  of  interest  to 
describe  briefly  the  reasons  which  have  led  the  writers  to  make  the 
treatment  as  broad  as  the  title  indicates. 

As  graduate  students  in  Cornell  University,  the  writers  had  been 
associated  in  experimental  hydraulics  for  a  year  and  a  half  before 
the  investigations  to  be  described  were  begun.  During  that  time 
they  had  experienced  a  number  of  surprises  in  an  investigation  on 
the  effect  of  curvature  on  the  flow  of  water  in  pipes,*  and  the 
necessity  of  refraining  from  jumping  at  conclusions,  with  little  or  no 
experimental  evidence,  had  impressed  them  more  and  more  as  the 
work  advanced. 

In  1900,  Gardner  S.  Williams,  M.  Am.  Soc.  C.  E.,  Engineer  in 
Charge  of  the  Hydraulic  Laboratory  of  Cornell  University,  made 

Notb.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion  - 
Correspondence  is  Invited  from  those  who  cannot  be  present  at  the  meeting,  and  m»y 
be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published 
in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers,  with  dis- 
cussion in  full,  will  be  published  in  Transactions. 

•  Transactions,  Am.  Soc.  C.  EM  Vol.  XLVH,  p.  296. 


420  FLOW  OP  WATBE  IN  PIPE8.  [Papers. 

an  investigation,*  from  which  one  of  the  most  interesting  conclu- 
sions drawn  was  that  the  power  of  the  velocity,  with  which  the  los 
of  head  in  water  pipes  varies,  is  dependent  on  the  diameter  of  the 
pipe,  being  about  1  for  very  small  tubes  and  increasing  to  about  2 
for  large  pipes  such  as  used  ordinarily  in  the  practice  of  the  civil 
engineer. 

For  pipes  below  £  in.  in  diameter,  the  value  seemed  to  drop 
rapidly,  while  for  pipes  above  that  diameter  the  plotting  showed  a 
very  gradual  rise.  However,  the  experimental  results  in  the  region 
where  the  most  rapid  change  in  the  power  seemed  to  occur  were  too 
few  to  give  that  feeling  of  entire  confidence  which  is  evident  in  the  case 
of  most  of  the  commonly  accepted  laws  of  Nature.  The  desirability 
of  further  evidence  was  first  pointed  out  to  the  writers  by  Professor 
Williams,  and  it  is  due  to  his  interest  in  the  matter,  and  to  the  true 
university  spirit  displayed  by  the  College  of  Civil  Engineering  of 
Cornell  University,  that  the  writers  were  enabled  to  undertake  experi- 
ments which,  whatever  their  final  aim  became,  had,  as  their  primary 
object,  the  determination  of  the  law  governing  the  flow  of  water  in 
small  pipes. 

The  writers  entered  upon  the  investigation  with  the  feeling  that 
the  small  sizes  of  the  pipes  to  be  experimented  upon  would  in  no  re- 
spect vitiate  the  results,  from  an  engineering  point  of  view.  As  will 
be  shown  later,  the  nature  of  the  apparatus  and  the  method  of  ex- 
perimentation were  to  be  such  as  to  secure  a  high  degree  of  accuracy 
in  all  the  measurements.  The  writers,  in  their  studies  on  the  effect 
of  curvature,  had  reached  the  conclusion  that,  in  the  manner  of 
flow,  there  is  practically  no  difference  between  a  2-in.  and  a  30-in. 
pipe.  They  expected,  therefore,  that  much  might  be  learned  from 
the  results  of  a  comprehensive  set  of  experiments  on  small  pipes. 

In  addition  to  whatever  light  might  be  thrown  upon  the  general 

subject  of  the  flow  of  water  in  pipes,  as  ordinarily  understood,  the 

writers  saw  here  an  excellent  opportunity  to  pursue  their  studies  on 

the  effect  of  the  temperature  of  the  water  upon  the  loss  of  head,  and 

hence  upon  the  discharging  capacity  of  pipes.     The  accepted  idea  in 

this  matter  is  that  the  effect  is  negligible  in  pipes  of  commercial  size. 

The  writers  had  been  led  to  question  this,  from  their  work  on  a  2-in. 

pipe,f  &n<l  they  saw  in  the  experiments  to  be  described  a  means  of 

*  Journal  of  the  Association  of  Engineering  Societies,  Vol.  XXVI  (Mar.,  1901),  p.  KB. 
t  Transactions,  Am.  goc.  C.  EM  Vol.  XLVII,  p.  818. 


Papers.]  FLOW  OF  WATER  IN   PIPBS.  421 

forming  an  idea  concerning,  or  even  of  predicting  the  effect  in  large 
pipes. 

Soon  after  beginning  the  experiments  it  was  found  that  the  power  I 

of  the  velocity,  with  which  the  loss  of  head  varies,  remains  almost  con-  I 

stant  for  the  fifteen  pipes  of  different  sizes,  but  all  of  the  same  material 
(seamless-drawn  brass) ;  or,  in  the  formula, 

H  =  mVn, 
where  H  is  the  loss  of  head  and  V  the  mean  velocity  of  the  water  in 
the  pipe,  the  value  of  n  was  found  to  remain  nearly  constant  for  all 
the  pipes.  This  somewhat  astonishing  fact  appeared  at  first  to  be 
irreconcilable  with  the  results  of  the  investigation  by  Professor 
Williams;  but,  fortunately,  the  writers'  experiments  covered  a  con- 
siderable range  of  velocities,  and  it  was  soon  found  that  the  group  of 
experiments  on  small  brass  and  glass  pipes  (by  Jacobson),  upon  the 
indications  of  which  Professor  Williams,  with  considerable  justifica- 
tion, had  placed  great  confidence,  were  all  made  with  velocities  below 
the  "critical  velocity,"  in  which  region  the  value  of  n  is  about  1. 
Hence  the  results  were  not  comparable  with  results  of  experiments 
made  under  ordinary,  or  "above  critical  velocity,"  flow.  This  phe- 
nomenon will  be  discussed  more  fully  later. 

The  fact  that  the  value  of  the  exponent  of  V  was  found  to  be 
almost  constant  for  pipes  ranging  from  ^  in.  to  2  ins.  in  diameter 
would  have  been  sufficient  of  itself  to  warrant  an  investigation  into 
the  indications  of  reliable  experiments  on  large,  smooth  pipes;  for  the 
smallest  of  these  sizes  bears  the  same  relation  to  the  largest  as  a  2 -in. 
pipe  bears  to  a  40- in.  main  (see  Fig.  1,  Plate  XXXVII).  If  this  were 
the  only  argument  for  entering  on  such  a  study,  the  writers  feel  that 
they  would  well  deserve  the  flood  of  criticism  which  is  ever  threaten- 
ing those  venturous  persons  who  presume  to  affirm  that  the  same  laws 
of  Nature  control  the  flow  of  water  in  the  smallest  pipes  in  the  labora- 
tory and  in  the  largest  supply  mains  running  over  hill  and  dale.  In 
this  paper  it  is  aimed  to  present  a  few  additional  arguments  which 
may  serve  to  make  such  an  affirmation  appear  a  little  less  ridiculous 
than  heretofore. 

After  the  experiments  had  progressed  far  enough,  and  several  dif- 
ferent temperatures  of  water  had  been  experimented  upon  for  each  of 
the  pipes,  it  became  evident  that  there  is  nothing  to  support  the 
notion  that  the  effect  of  temperature  is  negligible  in  large,  smooth. 
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pipes.  In  fact,  the  indications  were  found  to  point  to  such  a  consid- 
erable effect  on  pipes  of  large  size  that  the  limits  of  error  which  most 
hydraulic  engineers  would  assign  to  the  best  formulas  in  use  (all  of 
which  neglect  temperature  effect)  are  exceeded  several  times  over, 
owing  to  the  temperature  factor  alone. 

The  results  of  the  brass-pipe  experiments  showed  such  harmonious 
relations  that  the  writers  were  led  to  undertake  some  experiments  on 
pipes  which  were  less  ideal  and  more  practical.  For  this  purpose  five 
galvanized-iron  pipes,  ranging  from  J  in.  to  I  in.,  commercial 
were  chosen.  While  these  experiments  were  conducted  with  the  t 
care  and  precision  as  those  on  the  brass  pipes,  and  while  each  pipe  by 
itself  gave  a  consistent  set  of  results,  yet,  between  these  results  for 
the  different  pipes,  there  was  a  surprising  lack  of  harmony,  if  it  be 
assumed  that  all  pipes  were  of  the  same  degree  of  roughness.  Is 
short,  the  value  of  nt  the  exponent  of  Vt  in  the  formula  5=«P, 
was  found  to  vary  so  much  for  pipes  nominally  and  apparently  of  the 
same  kind  that  the  writers  saw  here  a  consideration  which  might 
throw  considerable  light  on  the  vagaries  of  the  much-discussed, 
recorded  pipe-experiments  of  modern  and  ancient  times. 

It  may  be  well  at  this  point  to  give  a  few  reasons  why  the  formula 
H=m  Pis  used.  In  the  first  place,  the  very  fact  that  in  the  Chezr 
formula,  V=  CVr~8>  or,  in  the  familiar  textbook  formula, 

/    F2 

the  values  of  C  and  /  are  different  for  different  velocities,  shows  that 
the  power  is  something  other  than  2,  if  there  is,  indeed,  any  exponen- 
tial law  which  is  applicable.*  And  the  writers  venture  to  say  that, 
up  to  the  present  time,  there  has  not  been  evolved  any  theory  which 
will  assist  in  answering  this  question. 

To  be  sure,  there  seems  to  be  a  more  or  less  firmly  grounded  notion 
among  some  hydraulicians  that  the  laws  of  gravity  decree  that  the 
hydraulic  slope  or  the  loss  of  head  *must  vary  as  the  square  of  the 
velocity.  The  fallacy  of  this  has  been  shown  very  clearly  by  Professor 
I.  P.  Church,!  Assoc.  Am.  Soc.  G.  E.,  who  emphasizes  the  fact  that 
the  question  concerns  primarily  the  relation  between  the  velocity  and 
the  resistances,  or  "  friction,"  and  through  this,  as  an  entirely  de~ 

*  See  discussion  by  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  in  Journal  of  the  Association  of 
Engineering  Societies,  Vol.  XXVI  (1901),  p.  16S. 
+  In  Engineering  Nexos^  Vol.  XL VI,  p.  882. 
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pendent  matter,  the  relation  between  the  velocity  and  the  hydraulio 
slope.  An  illustration  may  make  the  point  clearer.  It  is  quite  pos- 
sible, by  the  use  of  compressed  air,  to  maintain  a  high  velocity  in  a 
very  long  pipe  laid  on  an  absolutely  level  grade  with  just  enough  head 
of  water  at  the  entry  to  keep  the  pipe  full.  Now,  it  is  at  once  ap- 
parent that  the  law  of  a  falling  body  has  nothing  to  do  with  the  rela- 
tion existing  between  the  pressure  in  the  compressed-air  chamber  and 
the  velocity  of  the  water  in  the  pipe.  In  fact,  the  force  of  gravity 
alone,  in  this  case,  would  cause  no  flow  at  all. 

In  the  absence  of  any  theory,  the  only  thing  to  do  is  to  study  the 
indications  of  experiments  of  known  accuracy.  These  should  embrace 
a  wide  range  of  velocities  and  several  different  degrees  of  roughness. 
The  records  of  many  such  experiments  have  been  before  the  engineer 
for  a  number  of  years,  as  have  been  also  the  records  of  investigations 
dealing  with  the  question  of  exponents  other  than  2  for  the  velocity, 
or  other  than  J  for  the  slope  and  the  diameter  (or  the  hydraulic 
radius).  Unfortunately,  the  formulas  with  fractional  exponents,  which 
have  been  proposed  from  time  to  time,  have  been  regarded  generally 
as  approximations,  little,  if  any,  closer  to  the  truth  than  the  standard 
Chezy  formula,  and  far  less  easy  to  apply.  In  fact,  some  engineers 
have  been  led  to  question  whether  or  not  water  flows  in  a  pipe 
according  to  any  definite  determinable  laws  whatsoever. 

Now,  the  writers  have  investigated,  by  the  method  of  logarithmic 
plotting  of  the  observed  losses  of  head  with  the  corresponding  veloci- 
ties, experiments  in  which  the  velocity  ranges  from  a  fraction  of  a 
foot  per  second  up  to  44  ft.  per  second.  Their  own  experiments, 
almost  800  in  number,  and  including  twenty-three  kinds  of  pipe  and 
hose,  cover  a  range  of  velocity  from  A,  ft«  Per  second  to  22  ft.  per 
second.  In  all  these  experiments,  and  especially  in  those  of  known 
accuracy  in  all  measurements,  the  logarithmic  plottings  yield  straight 
lines.  The  slopes  of  these  lines  differ  considerably  among  themselves, 
or,  in  other  words,  the  losses  of  head  vary  as  various  powers  of  the 
velocities,*  but,  whatever  the  slope  of  the  line,  each  pipe  appears  to 
have  a  definite  law,  expressible  in  the  form, 

H=m  Vn. 
The  values  of  m  and  n  are  constant  for  a  given  pipe  in  a  given  con- 
dition for  all  velocities.     The  '•  coefficient  of  roughness  "  is  entirely 
*  Transactions,  Am.  Soc.  C.  E„  Vol.  XLIX  p.  145. 
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provided  for  by  them.  These  appear  to  be  scientific  facts,  and  the 
-writers  felt  that  they  had  no  choioe  as  regards  the  formula  to  be 
used.  As  has  been  stated  already,  there  is  no  existing  theory  which 
is  applicable;  but  the  experimental  evidence  is  quite  conclusive. 

It  must  not  be  inferred,  from  what  has  been  stated,  that  the 
writers  are  opposed  to  the  Chezy  and  like  formulas,  or,  on  the  other 
hand,  that  they  uphold  the  forms  with  fractional  exponents  for 
practical  uses;  but,  for  purposes  of  investigation,  it  would  be  most 
irrational  to  start  with  a  formula  which  is  known  to  be  only  an 
approximation,  especially  when  the  exact  formula  is  just  as  easy  to 
treat.  But,  after  such  an  investigation  is  completed,  on  the  actual 
showings  of  the  experiments,  it  will  be  easy  and  quite  proper  to  look 
for  approximate  forms  which  may  be  more  convenient  for  the  engi- 
neer to  use.  On  this  point,  however,  more  can  be  said,  and  to  better 
purpose,  after  the  presentation  of  the  experimental  evidence. 

Enough  has  been  stated  to  indicate  that  the  scope  of  the  investi- 
gation, as  planned  originally,  has  been  enlarged  considerably,  and 
for  such  reasons  that  the  writers  feel  that  the  whole  subject  of  the 
flow  of  water  in  pipes  may  be  considered  open  for  a  treatment  in  which 
the  aim  is  to  present  the  facts,  in  their  relations  to  one  another,  in  t 
thoroughly  rational  and  comprehensive  manner.  It  is  the  purpose, 
as  far  as  possible,  to  make  all  plottings  bird's-eye  views  of  the  whole 
subject,  so  that  the  experimental  results  may  show  at  a  glance  the 
probable  laws  which  too  often  have  been  obscured  by  misleading 
approximate  formulas,  and  unfortunate  attempts  to  make  the  results 
of  the  roughest  kind  of  measurements  fit  these  formulas.  In  the 
general  plotting,  many  results  of  such  rough  measurements  have  been 
included.  In  fact,  the  idea  has  been  to  consider  all  experiments  which 
are  on  record  in  any  recognized  source  of  information.  But  it  is 
believed  that  the  method  of  plotting  has  reduced  to  the  greatest 
possible  extent  the  question  of  individual  judgment,  and  has  allowed 
each  experimental  result  to  have  its  merited  influence  in  controlling 
the  final  conclusions. 

Description  of  Apparatus. 

The  general  plan  of  the  pipe  system  experimented  upon  is  shown 
in  Fig.  1.  The  pipes  were  located  in  the  basement  of  Lincoln  Hall, 
the  principal  building  of  the  College  of  Civil  Engineering,  Cornell 
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University.  The  system  was  fed  through  the  5  and  2-in.  pipes.  The 
former  extended  from  an  equalizing  cylinder,  which  could  be  supplied 
either  from  a  tank'  in  the  attic  (the  supply  to  which  was  controlled 
by  a  float-valve)  or  directly  from  the  campus  mains.*  The  pressure! 
in  the  cylinder,  under  static  conditions,  were  approximately  20  and 
30  lbs.  from  the  attic  tank  and  the  main,  respectively. 

All  elbows,  tees  and  auxiliary  pipes  are  of  galvanized  iron  except 
the  plain  iron  steam-pipe  header  from  which  extend  Pipes  VIII 'to  XIII 
and  a  pipe  feeding  Pipes  XIV,  XPand  XVI  All  piezometric  fittings 
are  of  brass.  Experimental  Pipes  II  to  XVI  are  of  seamless-drawn 
brass,  and  Pipes  XVII  to  XXI  are  of  ordinary  commercial,  galvanized- 
iron  stock.  The  fittings  on  all  the  pipes  except  Pipe  //f  are  described 
herein. 

Piezometric  Fittings.— The  individual  pipe  lengths  of  Pipes  777  to 
XVI  are  connected  by  piezometric  couplings  of  special  design.  Eaeh 
coupling  is  in  two  pieces  which  screw  together  in  such  a  way  that 
when  the  pipe  is  ready  for  experimentation  the  pressure  is  transmitted 
to  an  annular  chamber  through  a 
continuous  slit  or  break  in  the 
pipe  Tfo  in-  wide.  The  details  of 
the  construction  are  shown  in 
Fig.  2,  and  in  Fig.  1  of  Plate 
XXXVII.  The  latter  is  from  a 
photograph  of  piezometric  coup- 
lings on  Pipe  ///and  Pipe  XVI, 
and  shows  also  the  comparative 
sizes  of  these  two  pipes.  The 
lathe  work  inside  these  coup- 
lings is  practically  perfect,  while 
the  differences  between  the  in- 
side diameters  of  the  pipe  and 
the  coupling  where  the  faced  end 
of  the  pipe  screws  up  against  a 
shoulder  are  generally  not  more 
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*  The  cylinder  and  the  controlling  valves  are  shown  in  Fig.  119,  Transaction*.  Am. 
Soc.  C.  EM  Vol.  XL VII,  p.  297.  The  cycloidal  mouthpieces  between  the  cylinder  and  tbt 
5-in.  pipe  and  between  the  latter  and  the  2-in.  pipe  are  described  on  p.  SO  of  the  above- 
mentioned  volume,  and  also  on  p.  180  of  the  Journal  of  the  Association  of  Rapt- 
neering  Societies,  Vol.  XXVI,  1901.  while  Plate  25  in  the  latter  give*  a  longitudinal 
section  of  this  part  of  the  apparatus. 

t  The  piezometer  fittings  on  Pipe  II  have  been  illustrated  on  p.  17  and  in  Plate  IX. 
Fig.  1,  Transactions,  Am.  Soc.  C.  EM  Vol.  XLVII. 
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than  ttjW  ia.,  or  the  smallest  amount  which  can  be  measured  accurately 
with  the  ordinary  micrometer  calipers  (see  Table  No.  1).  Before  the 
couplings  were  turned,  the  ends  of  all  the  pipes  had  been  measured  and 
the  pipes  matched.  All  threads  were  lathe-cut.  In  general,  the  pipes, 
when  set  up,  left  nothing  to  be  desired,  as  far  as  nearly  ideal  condi- 
tions are  concerned.  The  writers  feel  that  without  the  excellent 
machine-work  done  by  Mr.  G.  D.  Cass,  Mechanician  to  the  Hydraulic 
Laboratory,  the  value  of  the  experimental  accuracy  would  have  been 
very  small.  They  desire  to  acknowledge  their  indebtedness  to  Mr. 
Cass  for  his  accurate  and  conscientious  work. 

On  account  of  the  roughness  of  the  galvanized  pipes,  as  well  as  on 
account  of  the  variable  diameter,  it  was  deemed  best  to  avoid  any  form 
of  joint  at  the  point  where  the  pressure  was  to  be  taken  off.  Accord- 
ingly, four  J-in.  holes,  90°  apart,  were  drilled  through  the  pipe  walls 
3J  ins.  from  the  ends  of  each  experimental  length.  For  the  two 
smallest  pipes  the  holes  were  A  in.  in  diameter,  and  the  distance 
from  the  ends  was  2J  ins.  The  drill  passed  through  both  walls  of  the 
pipe  at  one  setting.  Thus,  only  two  of  the  four  holes  had  any  burr 
inside.  This  was  removed  carefully  with  a  rounded  file.  These  holes 
in  the  finished  piezometer  fitting  communicated  to  a  chamber  formed 
by  a  large  tee  slipped  over  the  pipe  and  provided  with  a  pair  of  brass 
bushings  at  each  end.  Between  these  bushings,  and  on  the  pipe,  some 
handle  wicking  soaked  with  tallow  was  wound.  When  the  smaller 
bushings  were  screwed  up,  the  fitting  was  water-tight.  A  photograph 
of  one  of  these  fittings  on  Pipe  XVIII  (5 -in.  galvanized  iron)  is  shown 
in  Fig.  2,  Plate  XXXVII.*  In  order  to  avoid  any  error  due  to  unequal 
diameters  at  the  piezometers,  all  the  experimental  lengths  were 
turned  end  for  end,  after  the  first  set  of  experiments  had  been  com- 
pleted, and  a  second  series  was  run  with  the  reversed  arrangement. 
In  this  way,  also,  the  effect  of  any  slight  differences  in  the  conditions 
of  the  flow  at  the  two  piezometers  was  eliminated.  The  up-stream,  or 
entry,  length  of  pipe  was  connected  to  the  experimental  length  by  an 
ordinary  coupling.  The  ends  of  the  pipe,  however,  were  faced,  and 
the  threads  were  cut  so  that  a  butt  joint  was  secured,  avoiding  the 
disturbing  effect  of  the  usual  coupling  on  wrought-iron  pipe  where 
the  ends  do  not  come  together. 

*  The  air-chamber  has  a  section  like  that  shown  on  p.  17,  Transactions,  Am.  Soc.  C 
E„  Vol.  XLV11. 
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Measurements  of  Diameters.— From  the  ends  of  all  the  brass  and  gal- 
vanized-iron  pipes  there  were  cut  sample  rings  from  J  to  J  in.  long. 
Before  cutting  off  the  rings  in  the  lathe,  the  ends  of  the  pipe  were 
faced,  the  tool  being  started  on  the  inside  wall  of  the  pipe,  thus  secur- 
ing a  sharp,  clearly  defined  edge,  and  avoiding  entirely  the  burr  which 
would  result  if  the  tool  were  started  on  the  outside. 

Four  diameters  were  measured  on  each  ring.  The  rings  from  the 
brass  pipes  were  placed  on  the  bed  of  a  dividing  engine,  and  readings 
were  taken  as  the  inner  edges  appeared  under  the  cross-hair  of  the 
microscope.  The  bed  advanced  1  mm.  for  each  turn  of  the  screw,  and 
one  two-hundredth  part  of  a  turn  could  be  read  directly  from  a  grad- 
uated disc  on  the  screw.  The  rings  from  the  galvanized  pipes  were 
measured  with  small  micrometer  beam-calipers  reading  to  one-thou- 
sandth of  an  inch. 

The  means  of  the  four  measured  diameters  on  each  ring,  corre- 
sponding to  the  mean  diameters  of  the  ends  of  the  brass  pipes,  are 
given  in  Table  No.  1.  The  numbers  refer  to  the  position  of  the  indi- 
vidual pipe  lengths  in  the  experimental  arrangement,  the  lengths  be- 
ing numbered  consecutively,  beginning  at  the  up-stream  end.  In  a 
number  of  cases  a  single  piece  of  pipe  was  cut  into  two  or  .three 
lengths.  Hence  the  question  as  to  the  uniformity  of  diameter  can  be 
answered  by  direct  evidence.  The  following  list  shows  what  lengths 
were  cut  from  the  single  factory  lengths. 

///.—No.  7  was  cut  from  No.  6 
IV. —  *'    5     "      "       "       "    2 

V. "    2     "      "       "       <4    5 

yj *t    ^     *  <      a       t*       "3 

VI.— *  "    6    "      "      "    a  piece,    the   remainder 

of  which  was  not  used. 

VII. — No.  5  was  cut  from  No.  1 

VIIL—  "    2    "      "      "      "    1 

VIII. —  "    5    "      "      "      "   4 

VIII. —  "    3     "      •'      "      "    4 

IX. "    1     "      "      "      "    2 

IX. —  "    4    "      "      "      "    3 

*  X. —  "    1    "      "      "      "    2 

X —  "    4    "      "      "      "    3 

XI. "    1     "      "      "      "    2 
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XI. — No.  5  was  out  from  No.  4 

4 
2 


X/.—  " 

3 

XII.  -  " 

1 

XIIL—  " 

1 

XIIL—  « 

4 

X/F.—  " 

1 

X/7.—  " 

4 

ZK-  " 

1 

ZF.-  «■ 

4 

XVL—  " 

1 

xr/.—  " 

4 

If  a  pipe  was  cut  into  three  pieces,  the  shortest  piece  was  cut  off 
first.  All  pieces  were  out  from  the  unmarked  end  of  the  factory  length. 
The  unmarked  end  of  the  original  pipe  became  the  unmarked  end  of 
the  first  piece  cut  oft  Hence,  the  marked  end  of  a  short  pipe  cut 
from  a  factory  length  represents  a  section  in  the  middle  of  the  latter. 


TABLE  No.  2. — Dimensions  of  Galvanized  Pipes. 


No.  of  pipe. 


XVII. 
XVIII. 
XIX.. 
XX... 
XXI.. 


Length, 

in 

feet. 


18.761 
17.496 
18.119 
17.038 
10.064 


1 

ft 


1-in. 
Mo. 
i-in. 
S-in. 
J- in. 


DIAMETERS,  IN  INCHES. 


1.0i8 
0.884 
0.688 
0.494 
0.864 


By  Calipers. 


5S 

s 


i 


OM 
060* 

1.087 
1.044 

789 
860 

0.799 
0.860 

687 
681* 

0.688 
0.681 

496 

489 

0.608 
0.488 

868 
865* 

0.845 
0.846 

«6 


1.081  1.096 

1.087  l.O* 

0.815  O.KB 

0.849  0.659* 

0.687  0.617 

0.688  0.686+ 

,  0.4* 

I  0.4»* 

j  0.8M 

0.8SK 


Note.— The  lengths  given  in  the  table  are  for  the  experimental  sections.  For  other 
lengths  see  Fig.  1. 

*  The  marked  ends  are  also  the  up-stream  ends  in  the  first  or  unreversed  arrant* 
ment,  except  where  an  asterisk  denotes  the  opposite. 

t  The  experimental  section. 
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In  Table  No.  2  are  given  the  mean  diameters  of  the  galvanized 
pipes.  In  addition  to  the  end  caliperings,  Pipes  XVII,  XVIII  and 
XIX  were  measured  by  the  water-filling  method,  special  precautions 
being  taken  to  avoid  the  adhesion  of  air  to  the  walls  of  the  pipe.  The 
pipe  was  held  vertically",  and  a  stiff  wire  with  a  piece  of  cloth  tied  to 
the  lower  end  was  inserted  until  the  cloth  was  near  the  bottom  of  the 
pipe.  The  pipe  was  then  filled,  and  the  wire  was  drawn  up  with  a  rotary 
jnotion.  The  pipe  was  finally  filled  flush,  and  the  contained  water  was 
caught  and  weighed  to  the  nearest  Tfo  lb.  Each  pipe  length  was  filled 
three  times.  Allowance  was  made  for  the  small  quantity  of  water 
which  remained  adhering  to  the  inside  walls  of  the  pipe,  a  determina- 
tion having  been  made. 

Measurements  of  Lengths. — All  lengths  were  measured  with  an  accu- 
rate steel  tape,  and  were  checked  by  independent  measurements. 
They  are  given  in  Fig.  1  and  in  Table  No.  3.  For  the  experimental 
sections,  they  are,  in  all  cases,  between  the  piezometric  slits  for  the 
brass  pipes,  and  between  the  piezometric  holes  for  the  galvanized  pipes. 
Methods  of  Experimentation*  — All  pipes  were  laid  straight,  and,  where 
necessary,  intermediate  supports  were  used  between  the  hangers  on 
which  the  whole  pipe  system  was  supported.  On  account  of  their  very 
small  sizes,  Pipes  XIV,  XV  and  XVI  were  laid  on  a  board,  and  held 
straight  by  tacks.     The  hangers  were  levelled  up  carefully. 

As  shown  in  Fig.  1,  there  are  fourteen  valves  to  control  the  flow  in 
the  various  experimental  lines,  several  of  which  have  two  different 
sizes  of  pipes.  It  will  be  noticed  that  there  is  in  all  cases  a  considera- 
ble length  of  pipe  up  stream  from  the  first  piezometer,  or  Piezometer 
A.  In  fact,  the  writers  had  agreed  that  it  is  desirable  to  have  an 
entry  length  of  approximately  two  hundred  diameters,  in  order  to 
allow  the  flow  to  become  normal.  While  this  allowance  is  ample,  it 
does  not  appear  to  be  exceasive.  A  length  of  one  hundred  diameters 
is,  in  the  writers'  opinion,  hardly  enough  to  allow  the  disturbances  due 
to  a  curve  at  entry  to  die  down  fully.* 

In  order  to  get  as  large  a  range  of  velocities  as  possible,  the  down- 
stream sections  of  Pipes  VIII  to  XVI  were  removed  and  replaced 
again  from  time  to  time.  On  several  occasions  Pipes  VI,  VII,  IX, 
XII  and  XIII  were  entirely  removed,  in  order  to  increase  the  discharge 
of  the  larger  pipes  ordinarily  feeding  into  them. 

•Transactions,  Am.  Soc.  C.  E.,  Vol.  XLVII,  p.  317. 
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TABLE  No.  3.—  Brass  Pipe — Lengths  op  Sections  and  Diameters.— 

See  Fig.  1. 


1 

| 

a 

it 

sT 

& 

Section. 

a 

I1 

II. 

A-B 

57.496 
57.518 

;■  0.1742 

IX.-l 
2 

Reducer-^ 
A-B 

6.06 
6.068 

[o.ansr 

III.-l 

2 

Entry-4 

10.06 
14.081  ! 

8 
4 

B-C 
C-VaXve. 

10.891 
1.02 

8 

B-C 

14.062 

X— 1 

Entry-^4 

5.61      ] 

,5*2?  \omi9 

4 

C-D 

10.681 

0.12484 

2 

A-B 

5 

D-E 

18.066 

3 

B-C 

10.861     f  v-1"" 
1.076    J 

6 

E-F 

6.152 

4 

C-Reducer. 

7 

F-Valve. 

6.73 

ZI.-1 

Entry-4 

4.96 

^ 

IV.-l 
S 

Entry-4 
A-B 

11.89 
8.164 

0.10387 

2 
3 

A-B 
B-C 

7.896 
10.694 

o.omr 

8 

B-C 

19.197 

0.10811 

4 

C-Reducer. 

1.06 

4 

CD 

17.078 

XU.-1 

Reducer-^ 

l:%,  !-«■«* 

5 

2>-Valve. 

4.22 

J 

2 

A-B 

V.-l 
2 

Entry-4 

12.15 
5  400 

0.08906 

1 

3 
4 

B-C 
C-D 

2.183    i 
8.891  1  VO.0SW 
1.04      ! 

8 

B-C 

12.045 

5 

D-  Valve. 

4 

C-D 

12.044 

J-O.08785 

XIII.-l 

Reducer-^ 

3.90      ] 
1.02    !J 

5 

D-E 

11.903 

I 

2 

A-B 

6 

1£-Reducer. 

6.52 

J 

8 

B-C 

VI. -1 

Reducer-^ 

12.08 

[  0.06080 

4 

C-Valve. 

2 

A-B 

12.067 

XfF.-l 

Entry-4 

8.15      1 

8 

B-C 

5.835 

) 

2 

A-B 

10.876     f0-01** 
1.08      J 

4 

C-D 

0.184 

U.06881 

8 

B-C 

5 

D-E 

12.046 

i 

4 

C-Valve. 

6 

^-Coupling. 

2.07 

0.06889 

XV.-l 

Entry-^4 

2.62      1 

VH.-l 

Reducer-^ 

9.87 

2 

A-B 

9.549     loottB 
10.868     f001*1 

2 

A-B 

12.079 

3 

B-C 

8 

B-C 

12.080  1 

0.05251 

4 

C-Valve. 

1.09      J 

4 
5 

C-D 

/^Enlargement 

to  valve. 

12.077 
2.06    ' 
14.47    1 

1 

XVI.-l 
2 
3 
4 

Entry-A 
A-B 
B-C 

C-Valre. 

2.68      1 
9.291   ;  '  n  mm 
11.054  |  V00** 
1.02      J 

VIII.-l 
2 

Entry-4 

A-B 

B-C 

C-D 

D-Reducer. 

5'081     ^0M149  1 

8 

3.160 
7.826 
1.060 

J  0.04172 

............ ..t........  ..... 

4 

1 i 

5 

|..............|. ...... ....... 

1 

1 

The  differences  of  pressure  between  the  piezometers  were  measured 
by  either  mercury  or  water  gauges,  of  the  differential  type,  the  pressures 
being  transmitted  from  the  piezometers  to  the  gauge  columns  by  heavy, 
three-ply,  cotton-insertion,  rubber  tubing.  The  scales  of  these  gauges 
are  divided  into  double  centimeters  and  tenths,  the  hundredths  being 
estimated.  All  gauges  were  supplied  with  riders  to  facilitate  accurate 
reading  of  the  menisci.  The  mercury  gauges  had  three  columns,  and 
the  water  gauges  had  either  two  or  three  columns.  Any  of  the  gauges 
could  be  used  as  two-column  gauges,  if  desired. 

The  water  was  discharged  for  measured  intervals  of  time  into  » 
tank  on  one  of  three  platform  scales.     One  of  these  scales  has  a  capacity 
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of  2  500  lbs.,  and  is  accurate  to  the  nearest  pound.  Another  has  a 
capacity  of  350  lbs.,  and  is  accurate  to  iV  lb.  The  third  is  sensitive  to 
rh  lb.  for  weights  not  exceeding  50  lbs.  The  two  smaller  scales  were 
calibrated  with  standard  weights  in  the  possession  of  the  College  of 
Civil  Engineering.     The  largest  was  tested  by  comparison. 

Thus,  it  was  possible  to  secure  the  desired  accuracy  for  the  meas- 
urement of  the  discharge  of  the  smallest  of  the  pipes  as  well  as  the 
largest.  In  general,  the  attempt  was  made  to  secure  an  average 
accuracy  of  1  in  500  in  all  measurements,  whether  of  weight,  time  or 
gauge  differences.  For  the  highest  velocities,  a  much  greater  accuracy 
has  been  obtained,  while  for  some  of  the  very  lowest  velocities,  the 
weight  or  gauge  difference  was  so  small  as  to  render  the  result  accurate 
within  only  about  £  of  1%,  or,  very  rarely,  within  only  \%\  but,  for 
the  vast  majority  of  the  experiments,  it  is  believed  that  the  attempted 
accuracy  has  been  secured. 

For  many  of  the  first  experiments,  the  time  was  taken  from  a  record 
sheet  of  a  chronograph  connected  to  the  diverting  arrangements  and 
to  the  standard  clock  of  the  Astronomical  Laboratory.  It  was  found 
that  the  error  in  using  an  ordinary  well-regulated  watch  was  in  general 
only  a  small  fraction  of  a  second.  In  fact,  by  using  a  small  reading 
glass,  the  ^-second  beats  can  be  seen  quite  distinctly  on  the  second 
hand  of  the  ordinary  watch.  Hence,  for  all  the  later  runs,  the  time 
was  taken  with  an  ordinary  watch,  and  it  is  believed  that  the  time 
element  is  well  within  the  attempted  limit  of  accuracy. 

During  the  time  in  which  the  flow  was  being  measured,  the  gauge 
was  read  from  six  to  twenty  times.  When  the  pressure  was  taken  from 
the  attic  tank'  the  columns  were  quite  steady,  but  when  connected  to 
the  campus  mains,  there  was  considerable  vibration,  yet  not  enough 
to  impair  greatly  the  accuracy  of  the  readings.  The  main  pressure 
was  used,  generally,  only  for  the  highest  velocities,  and  hence  the 
greatest  gauge  differences.  The  gauges  were  tested  under  no-flow  con- 
ditions before  and  after,  and  frequently  during,  every  series  of  runs. 
In  general,  no  trouble  was  experienced.  The  columns  came  quickly  to 
a  common  level.  This  condition  of  affairs  the  writers  attribute  to  the 
complete  control  of  the  apparatus,  the  excellence  of  hose  and  gauge 
connections,  and  the  great  care  taken  to  free  the  whole  pipe  system 
from  air  before  starting  any  experiment.  The  temperature  of  the 
water  for  the  first  experiments  was  taken  in  the  tank  after  the  runs. 
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For  these  oases  the  temperature  of  the  water  was  within  1  or  2°  Fahr., 
of  the  temperature  of  the  room.  For  the  later  experiments  on  Pipe* 
VIII  to  XVI,  and  for  all  the  experiments  on  Pipes  XVII  to  XXI  (of 
galvanized  iron),  the  temperature  was  taken  with  a  thermometer 
inserted  in  a  stuffing-box,  and  with  its  bulb  well  within  the  pipe.  The 
positions  of  these  thermometer  stuffing-boxes  are  shown  in  Fig.  1.  The 
temperature  was  taken  at  the  beginning  and  at  the  end  of  each  experi- 
ment, and  the  mean  value  used,  the  differences  being  small.  For  Pipes 
II  to  VII  it  was  found  that  the  temperature  in  the  pipes  was  the  same 
as  that  in  the  tank  after  filling,  within  less  than  half  a  degree.  Henoe, 
the  latter  was  taken,  except  at  low  velocities,  when  a  small  jar  full  of 
the  water  was  caught  just  before  and  after  each  run  and  the  tempera- 
ture was  read  immediately. 

Methods  of  Reduction. — In  reducing  weights  to  velocities  the  weights 
per  cubic  foot  of  distilled  water  at  the  observed  temperature  were 
taken  from  a  table  by  the  late  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C. 
E.  These  values  are  known  to  be  correct  within  \  of  \%  for  the  water 
used  in  the  experiments. 

In  reducing  observed  heads  on  the  differential  water  gauges  a  cor- 
rection is  necessary  on  account  of  the  weight  of  a  column  of  air  of  a 
height  equal  to  the  observed  difference  and  under  an  average  pressure 
of,  approximately,  1J  atmospheres.  This  amounts  to  a  subtraction  of 
approximately  one  five-hundredth  of  the  observed  differences.  There 
is  another  correction  on  account  of  the  difference  between  the  tempera- 
ture of  the  water  in  the  gauge  and  that  in  the  pipe,  but  this  is  very 
small,  and  is  an  uncertain  amount,  varying  from  nothing  to  a  possible 
subtraction  of  one-six-hundredth  of  the  observed  difference.  The  cor- 
rection actually  applied,  to  cover  these  two  items,  is  a  subtraction  of 
one  five-hundredth  of  the  observed  difference  for  temperatures  in  the 
pipe  below  60°  Fahr. 

For  reducing  observations  on  the  mercury  gauges,  the  "water 
equivalent  "  was  obtained  by  direct  comparison.  A  line  of  levels  was 
run,  and  the  elevation  of  the  top  of  the  attic  tank  above  the  zeros  of 
the  gauges  was  determined  accurately.  One  observer  measured  the 
level  of  the  surface  of  the  water  in  the  tank,  while  another  took  read- 
ings on  the  gauges  in  the  basement.  Eight  determinations  were  made* 
with  as  many  different  heights  of  the  water  surface.  The  "water 
equivalent "  was  /ound  to  be  13.57  for  mercury  and  water  at  71°  Fahr. 
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The  eight  determinations  agreed  within  A)  of  1  per  cent.  The  weight  of 
a  column  of  air  from  the  gauge  to  the  attic  was  included  in  the  calcu- 
lation. Since  the  temperature  of  the  room,  and  hence  the  specific 
gravity  of  the  mercury  in  the  gauges,  was  practically  constant  during 
the  course  of  the  experiments,  the  observed  differences  were  corrected 
according  to  the  specific  gravity  of  the  water  flowing  in  the  pipe. 
Thus  all  heads  are  reduced  to  water  at  the  temperature  of  that  in  the 
pipe. 

All  reductions  of  weights  to  velocities,  and  of  observed  gauge  dif- 
ferences to  loss  of  head,  in  feet  of  water  per  100  ft.  of  pipe  length,  have 
been  checked  by  independent  calculations.  In  addition,  all  results  have 
been  subjected  to  the  test  of  two  different  methods  of  plotting,  and 
any  apparently  wild  cases  have  been  recalculated.  The  writers  have 
been  pleased  to  find  that  the  efforts  to  maintain  a  high  degree  of 
accuracy  in  all  measurements  have  borne  good  fruit  in  the  resulting 
indications. 

Table  No.  4  gives  the  data  for  the  brass  pipes,  and  Table  No.  5 
the  data  for  the  galvanized  pipes. 
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TABLE  No.  5.— Galvanized  Pipe  XVII. 


No.  of  Exp't. 

Loss  of 

bead. 

Feet  per  100. 

Temp. 
Fahr. 

Velocity,  in 

feet 
per  second. 

Remarks. 

592 

70.89 
89.90 
64.00 
89.59 
26.86 
18.17 

5.88 
62.46 
55.35 
28.75 
16.51 
44.19 
26.21 
44.87 
43.89 
48.67 
74.86 
73.74 
65.61 
26.82 
18.21 

7.87 

85.5° 

86.8 

44.4 

42.5 

41.2 

40.9 

41.2 

36.6 

86.6 

36.6 

86.4 

59.5 

51.2 

7ft 

48.6 

85.6 

35.4 

36.2 

36.6 

85.2 

85.4 

85.6 

10.086 
7.498 
8.762 
7.452 
6.008 
4.229 
2.795 
9.374 
8.476 
6.340 
4.766 
7.955 
6.092 

All    heads    measured    in 

598 

mercury. 
Air,  64°. 

594 

595 

596 

697 

698 

590 

600 

601 

60S 

620 

621 

741 

742 

8.8751 
7.818 

748 

7.711 
10.155 
10.118 
8.860 
6.041 
4.216 
8.111, 

Experimental     pipe     re- 
versed ( PlezometerB  up 
stream)  for  these  experi- 
ments. 

744 

745 

746 

747 

748 

749 

1 

Galvanized  Pipe  XVIII. 


631.. 
682  . 
633.. 
634.. 
685.. 
636.. 
687.. 
638.. 
639., 
640.. 
641., 
642. 
648. 
644. 
646. 
646. 
787. 
738. 
789. 
740. 


51.61 
41.11 
30.08 
20.60 
10.40 

4.99 
75.88 
64.87 
50.87 
32.41 
74.87 
74.89 
50.10 
30.74 
19.99 

8.47 
51.74 
81.00 
15.52 
71.22 


44.6° 

9.469 

42.9 

8.821 

42.4 

7.060 

42.0 

5.708 

42.5 

8.918 

42.8 

2.618 

36.0 

11.470 

86.0 

10.554 

71.5 

9.635 

64 

7.548 

89.8 

11.427 

86.8 

11.406 

86.1 

9.159 

36.2 

7.757 

86.8 

5.518 

86.5 

8.428 

37 

9.271 

87.2 

7.047 

38.2 

4.811 

85.1 

10.916 

All    heads    measured    in 
mercury. 


Experimental  pipe  re- 
versed ( Piezometer  B  up 
stream)  for  these  experi- 
ments. 
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TABLE  No.  5 — Continued. — Galvanized  Pipe  XIX 


No.  of  Exp't. 

Loss  of  bead. 
Feet  per  100. 

Temp. 
Fahr. 

Velocity,  in 
feet  per 
second. 

Remarks. 

688 

06.68 

61  80 

88.68 

16.78 

7.86 

148.31 

144.78 

80.88 

87.70 

96.04 

97.56 

97.70 

78.17 

78.18 

89.71 

88.81 

148.47 

149.69 

98.16 

77.00 

77.88 

97.65 

55.0° 
49 
48 
48.8 
49.8 
77 
87.5 
87.5 
87.7 
78 
60 
50.7 
.    58.0 
49.0 
48.5 
49.0 
48.6 
87.1 
77.8 
80.8 
45.9 
45.8 

10.883 
7.909 
5.747 
3.894 
8.460 
18.783 
18.889 
9.049 
5.996 

All    heads    measured    fa 

628 

mercury. 

684 

685 

686 

687 

688 

689 

680 

755 

9.994*1 
10.079 
10.848 

9.088 

9.011 

6.867 

4.610 
18.560 
18.578 
10.898 

9.196 

8.981 
10.068 

- 

756..... 

757 

Experimental     pipe     re- 
versed   for     these    ex- 

758  

759 

periments. 

760 

761 

♦Error  in  time?    Velocity 

768 

may    be     10.316.      See 

768 

Experiment  768. 

768 

769 

770 

771 

Galvanized  Pipe  XX. 


608 

166.6 
109.1 
163.6 
149.6 
116.5 
79.15 
46.80 
81.18 
10.84 
5.03 
118.8 
91.85 
112.6 
59.93 
112.2 
51.56 
.     164.5 
166.4 
108.2 
57.4 
25.9 

i      61.5 

!      58.8 

1      87.2 

1      86.8 

1      86.9 

85.5 

86.6 

85.8 

!      89.0 

40.6 

1      42.6 

1      49.5 

!      47.0 

46.4 

77.8 

78.3 

79.8 

1      48.4 

l      45.8 

45.8 

1      58 

10.885 

All    beads   measured    in 

604 

8.785 
10.653 
10.145 
8.877 
7.840 
5.499 
8.684 
8.487 
1.669 
8.781 
7.877 
8.775 
6.808 
8.896 
5.965 
10.884 

mercury. 

605 

606 

607 

608 

609 

610 

611 

618 

618 

614 

615 

616 

617 

618 

619 

764 

10.744  1 
8.607 
6.156 
4.077 

Experimental    pipe     re- 

766  

versed  for  these  experi- 

766  

ments. 

767 
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TABLE  No.  5—  Continued.—  Galvanized  Pipe  XXL 


No.  of  Exp't. 


870. 
871, 
673 
678, 
674 
576, 
676. 
677, 
578 
679 
680 
581 
688 
688, 
684, 
885, 
686 
587, 
688. 
589, 
690 
691 
760 
751 
758 
758, 
754 


Low  of  head. 

Temp. 

Feet  per  100. 

Fahr. 

408.5 

71.5° 

•     906.1 

71.5 

841.5 

68 

967.9 

54 

1H1.8 

59.9 

196.6 

59.8 

84.71 

57.8 

58.77 

57.1 

81.08 

59.8 

874.9 

88.5 

811.8 

88.6 

958.4 

87.4 

195.8 

87.4 

188.8 

87.5 

84.05 

88.0 

47.60 

88.4 

5.97 

49.6 

11.94 

44.0 

95.69 

47.9 

968.1 

46.8 

149.6 

47.8 

886.8 

49.7 

816.6 

46.1 

815.4 

86.4 

944.5 

88.9 

161*7 

86.4 

77.7 

89.0 

Velocity  in 
feet  per 
second. 


11.411 
8.009 

10.894 
8.966 
7.489 
6.919 
6.085 
4.089 
8.067 

10.768 
9.880 
8.068 
7.789 
6.894 
5.095 
8.756 
1.806 
1.856 
9.744 
9.119 
6.681 

10.998 
9.796 
9.661 
8.464 
6.884 
4.781 


Remarks. 


All    heads    measured   In 
mercury. 


Experimental  pipe  re- 
versed (Piezometer  B  up 
stream)  for  these  experi- 
ments. 


Reduction  to  Standard  Temperatures. 
Brass  Pipes. — After  a  few  experiments  had  been  made  on  each  pipe, 
a  preliminary  logarithmic  plotting  of  the  results  showed  that  for  each 
of  the  fifteen  brass  pipes  the  loss  of  head  varied  very  nearly  as  the 
1.75  power  of  the  velocity.  Advantage  was  taken  of  this  fact  to  bring 
the  results  to  chosen  standard  temperatures.  Plates  XXXVIII  and 
XXXIX  were  drawn,  using  heads  in  feet  per  100  ft.  as  ordinates  and 
the  values  of  P"1,75  as  abscissas.  For  any  particular  pipe  on  these 
plates,  it  will  be  noticed  that  there  is  a  gradual  increase  in  the  ordinate 
as  the  temperature  of  the  water  drops,  and  that  points  of  about  the 
same  temperature  lie  approximately  on  a  straight  line.  Such  lines 
were  drawn  for  standard  temperatures  of  70,  55  and  40°  Fahr.  The 
difference  in  ordinates  between  two  lines,  divided  by  the  ordinate, 
gives  the  ratio  or  percentage  of  increase  or  decrease  in  the  loss  of 
head  for  a  change  of  temperature  of  15  degrees.  The  percentage  is 
always  less  for  40°  than  for  55°,  as  the  ordinate  itself  is  greater.  In 
those  cases  in  which  the  distances  between  the  lines  were  different, 
thus  resulting  in  two  different  percentages  at  55°,  the  average  of  these 
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two  percentages  was  taken.  The  three  percentages  reduced  to  per- 
centages per  10°,  instead  of  15°,  were  then  plotted  as  ordinates,  with 
temperatures  as  abscissas,  and  a  smooth  curve  was  drawn  through  the 
three  points.  The  percentage  correction  per  10°  for  any  observed 
temperature  was  read  from  these  curves.  The  diagram  used  is  shown 
in  Fig.  3,  in  which  it  will  be  seen  that  for  all  pipes  the  correction  factor 
is  about  4  per  cent.  Another  diagram  was  therefore  constructed,  frcm 
which  the  i%  corrections  of  the  different  heads  for  any  temperature 
interval  could  be  read,  and  the  correction  desired  was  then  obtained 
by  the  slide-rule. 

PERCENTAGES  PER  10  DEGREES  U8ED  IN  BRINGING  OBSERVED  RE8ULT8 
TO  STANDARD  TEMPERATURES  70,°  55°  AND  40.° 


50°  00° 

Temperature  of  otwerration. 

Fio.  8. 

In  Fig.  3  it  will  be  noticed  that  for  some  pipes  the  percentage 
curves  slope  downward  for  increasing  temperatures,  and  for  other 
pipes  there  is  an  opposite  tendency.  While  it  is  not  to  be  maintained 
that  these  corrections  are  accurate,  it  is  believed  that  they  are  correct 
within  several  tenths  of  1  per  cent.  If  this  is  true,  a  profile  view  of 
Fig.  3,  at  70°,  55°  or  40°,  made  by  taking  the  percentages  and  plotting 
them  with  respect  to  the  pipe  diameters,  gives  indications  of  a  sinuous 
relation  between  the  temperature  effects  and  the  diameters.  The 
evidence,  however,  is  not  conclusive  enough  to  justify  the  statement 
that  this  is  a  fact. 

Aside  from  errors  in  judgment  in  drawing  the  lines  on  Plates 
XXXVIII  and  XXXIX,  there  is  at  least  one  way  in  which  small  errors 
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might  be  introduced  into  the  reduction  factor.  It  will  be  seen  later, 
in  the  tables  for  m  and  n,  that  for  the  different  standard  temperatures 
there  are  slight  differences  in  the  value  of  n  for  a  certain  pipe,  and 
sometimes  quite  decided  differences  between  these  values  of  n  and  the 
preliminary  value,  1. 75.  The  differences  in  the  values  of  n  would  result 
in  changing  the  relative  position  of  the  lines,  as  they  are  all  drawn  upon 
the  basis  of  n  =  1.75.  The  fact  that  n  is  sometimes  different  from  1.75 
results  in  giving  a  slight  curvature  to  the  line  passing  through  the 
points  at  a  certain  temperature.  As  stated,  however,  the  errors  are 
not  large,  and,  taking  into  consideration  the  fact  that  the  correc- 
tion intervals  were  in  almost  all  cases  less  than  10°,  it  is  certain  that 
the  limits  of  error  mentioned  have  not  been  exceeded.  In  addition, 
the  corrections  were  usually  made  from  both  sides  of  the  standard 
temperatures,  and  any  appreciable  error  would  be  evident  at  once  in 
the  plotting. 

Another  method  for  getting  the  temperature  correction  consists  in 

IX 

plotting  the  values  of  m  =  Vlt76  as  ordinates,  with  the  temperatures 

as  abscissas.  When  this  is  done,  a  straight  line  results  in  some  cases 
and  a  curve  in  others.  It  usually  gives  the  same  results  as  the  method 
already  presented,  but,  taken  altogether,  it  is  not  as  reliable. 

Galvanised  Pipes. — For  the  galvanized  pipes,  a  diagram  was  made, 
as  for  the  brass  pipes,  using  for  the  abscissas  those  approximate  powers 
of  the  velocity  which  a  preliminary  logarithmic  plotting  showed  for 
each  pipe.     These  powers  or  values  of  n  were  quite  variable,  as  the 

following  values  show. 

n 

Pipe  XVII 1.95 

"    XVIII 1.82 

"     XIX 182 

"     XX. 1.90 

"     XXI 1.95 

The  diagram,  however,  did  not  give  such  consistent  results  as  did 
the  diagrams  for  brass  pipes.  The  experiments  were  mostly  in  the 
neighborhood  of  40  degrees.  The  results  were  usually  somewhat 
erratic,  and  in  many  cases  the  estimate  had  to  be  based  on  the  assump- 
tion of  a  uniform  change  from  70  to  37  degrees.  Upon  passing  to  the 
final  plotting,  however,  these  estimates,  which  varied  from  1  to  2% 
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for  10°  difference  in  temperature,  showed  themselves  to  be  in 
More  consistent  reduction  factors  were  obtained  by  using  largen 
logarithmic  paper  for  a  preliminary  plotting.  Upon  Pipes  XVII i 
XXI  very  little  evidence  of  temperature  effect  could  be  found,  \ 
the  results  were  not  corrected.  For  Pipe  XIX  1.5%  for  10° 
found  to  apply;  and  for  Pipe  XX  1.26%  was  used.  For  Pipe  XV 
the  results  were  changed  by  5%  in  the  neighborhood  of  40°,  but,  fa 
all  appearances,  this  would  be  too  large  in  the  vicinity  of  70  de 
Pipe  XVIII,  however,  seems  to  be  exceptional,  in  several  respects. 

Logarithmic  Plotting  of  Results. — After  being  brought  to  the  stand 
temperatures  the  results  were  plotted  on  regular,  10-in.  base,  lc 
mic,  cross-section  paper,*  plotting  losses  of  head  as  ordinates 
velocities  as  abscissas.     The  use  of  such  paper  is  now  so  common  1 
no  explanation  is  considered  necessary. 

This  plotting  is  shown  in  Plate  XL,  which  contains  the  results  j 
both  brass  and  galvanized  pipes,  plotted,  however,  for  differ* 
origins.  For  the  brass  pipes,  lines  are  drawn  for  the  three  standi 
temperatures,  but  for  only  one  experimental  section  on  each  pipe,] 
order  to  avoid  confusion. 

Close  inspection  will  show  that  in  some  instances  the  points  do  i 
lie  exactly  on  the  line.  In  suoh  oases  investigation  was  made  to  i 
the  reason  existed  in  an  error  in  the  temperature  reduction  factor,! 
it  was  found  that  the  differences  were  due  to  other  causes.  Sob 
times  the  results  obtained  by  mercury  readings  were  slightly  diffej 
from  those  taken  in  water.  Altogether,  however,  the  lines  fit 
points  very  well.  Attention  may  be  called  here  to  the  great  unifori 
ity  in  slope  for  the  brass  pipes. 

Table  No.  6  gives  the  values  of  m  and  w,  as  determined  from 
logarithmic  plotting.  In  cases,  however,  where  the  points  do  not  j 
exactly  on  a  straight  line,  or  where,  as  in  Pipe  XVI  at  40D,  the  poil 
which  determine  the  line  are  few  in  number,  and  for  high  velociti 
there  is  usually  a  little  uncertainty  in  drawing  the  line.  In  this 
small  variations  in  m  may  be  brought  about,  but  when  it  is  cod* 
ered  that  there  is  a  corresponding  change  in  n,  it  will  be  seen  that  1 
two  values  taken  together  will  represent  the  conditions  quite 
rately. 


*  The  writers  were  supplied  with  this  paper  by  John  R.  Freeman,  M.  Am.  Soc.  CJ 
whose  generosity  and  kindly  interest  they  desire  to  acknowledge. 
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In  Table- No.  6  there  will  also  be  found  the  values  of  m,  as  taken 
from  Plates  XXXVm  and  XXXIX  on  which  the  points  were  plotted 
with  heads  as  ordinates  and  the  Values  of  F1*75  as  abscissas.  The 
slopes  of  the  lines  drawn  must  give  the  valnes  of  m  corresponding  to 
the  power,  1.75,  of  the  velocity.  Upon  comparing  these  values  of  m 
with  those  obtained  from  the  logarithmic  plotting,  it  is  seen  that  they 
check  quite  well.  These  values  of  m  are  greater  or  less  than  the  val- 
ues determined  logarithmically,  accordingly  as  1.75  is  greater  or  less 
than  the  true  n.  Taken  altogether,  with  these  values  of  m,  and 
n  =  1.75,  we  can  represent  closely  the  whole  series  of  experiments* 

The  method  of  least  squares  could  also  be  applied  in  getting  the 
values  of  m  and  n.  This  was  tried  in  the  case  of  Pipe  II,  and  gave  a 
close  check  upon  the  values  taken  from  the  logarithmic  sheet.  The 
method  of  least  squares,  however,  is  not  as  convenient,  and  does  not 
expose  the  errors  which  may  occur. 

The  differences  in  results  for  two  sections  of  the  same  pipe  do  not 
seem  to  be  accounted  for  through  differences  in  diameter,  except  in 
Pipes  VI,  VIII  and  XII,  where  differences  were  known  to  exist  and 
were  allowed  for  in  the  calculations.  In  the  other  pipes  small  differ- 
ences in  resistance  are  noted,  but  must  be  accounted  for  otherwise. 
As  first  used,  the  two  experimental  sections  of  Pipe  X  V  showed  very 
discordant  results,  as  the  table  and  the  logarithmic  plotting  show. 
After  being  cleaned  by  drawing  waste  cotton  through,  the  results 
were  more  consistent.  During  the  cleaning  a  small  scale  of  brass  was 
drawn  out,  and  it  seems  very  probable  that  the  small  differences  noted 
in  other  pipes  may  be  due  to  similar  causes. 

Table  No.  7  gives  the  values  of  m  and  n  for  the  galvanized  pipes. 
As  shown  by  the  logarithmic  plotting,  Pipe  XVIII  seems  to  be  an  ex- 
ceptional pipe.  Even  though  of  smaller  diameter  than  Pipe  XVII 
the  losses  of  head,  for  velocities  above  2.4  ft.  per  second,  are  lower 
than  in  Pipe  XVII  for  the  same  velocity.  It  will  be  remembered,  also, 
that  Pipe  XVIII  \&  the  one  which  showed  high  temperature  effects  in 
the  neighborhood  of  40°,  and  that  it  is  the  only  one  of  the  galvanized 
pipes  which  had  been  in  use  before  the  experiments.  A  slight,  silt- 
like deposit  which  had  occurred  on  the  inner  walls  was  entirely  insuf- 
ficient to  relieve  the  roughness.  Although  the  galvanized  pipes  do 
not  seem  to  give  such  consistent  results  as  the  brass  pipes,  the  experi- 
ments were  made  with  the  same  care. 
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TABLE  No.   7. 

Galvanized  Pipes  XVII  to  XXI,  Inclusive.    Values  op  m  and  n  (n 

fob  Heads  in  Feet  peb  100). 


Pipe. 

Temp.  Fahr. 

m. 

n. 

XVII. 

0.820 

0.905 

1.880 

1.74 

1.81 

8.62 

1.981 

xvin. 

40° 
40 
70 
40 

1.8QS 

XIX. 

1.863 

XX. 

1.906 

XXI 

1.910 
1.951 

Critical  Velocity. 

One  of  the  most  interesting  features  of  Plate  XL,  Fig.  1,  is  the  evi- 
dence regarding  critical  velocity.  As  might  be  expected,  this  phe- 
nomenon is  most  prominent  on  Pipe  XVI,  -where  the  peculiar  effects 
are  evident  at  relatively  high  velocities.  For  low  velocities,  up  to  2.5 
ft.  per  second,  the  slope  is  1,  showing  that  the  loss  of  head  is  directly 
proportional  to  the  velocity.  Above  a  velocity  of  3.5  ft.  the  slope  is 
about  1.78.  Between  these  velocities  there  is  a  region  where  the  slope 
gradually  changes  and  reaches  a  value  considerably  greater  than  2. 
The  cause,  as  Osborne  Reynolds,  F.  B.  B.,  has  shown*  is  a  change  in 
the  conditions  of  flow. 

The  effect  of  temperature  on  the  point  at  which  the  change  takes 
place  is  well  shown  by  Pipe  XVI,  and  also  in  Fig.  4,  which  has  been 
prepared  from  the  observations  of  Hagen.f    For  these  experiments 

V2' 
0.5  5—  was  allowed  for  head  lost  at  entrance  (square-edged).    This 

may  not  be  quite  correct.  The  pipes  were  short,  being  1.55,  3.57  and 
3.42  ft.  long,  for  the  small,  medium  and  larger  sized  pipes,  respec- 
tively. Any  other  allowance  for  entry  would  not  change  the  relative 
position  of  the  lines  to  any  great  extent.  The  figure  has  been  in- 
troduced to  show  the  effect  of  temperature  in  the  critical- velocity  re- 
gion, particularly  for  greater  temperatures  than  the  writers  could 
obtain,  and  also  to  verify  the  indications  of  the  present  experiments. 
The  principal  point  to  be  brought  out  is  that  the  change  takes  place 
at  higher  velocities  for  lower  temperatures.  \   The  change  to  the  power 

*  Proceedings,  Royal  Society,  Vol.  85, 1888. 

t  "  Abhandlungen  der  Berliner  Akademie."  1854. 

t  Some  recent  experiments  substantiating  this  very  point  came  to  the  writer's  notice 
after  this  paper  had  been  written.  They  are  by  Messrs.  E.  J.  Coker  and  8.  B.  dement. 
and  a  record  of  them  appeared  in  the  Transactions  of  the  Royal  Society,  Series  A,  VoL 
201,  pp.  46-01.  A  single  brass  pipe,  0.8779  in.  in  diameter  and  6  ft.  long,  was  used.  The 
experiments,  also,  check  closely  the  temperature,  factor  obtained  by  the  writer's  for 
ordinary,  or  "  eddy  motion/1  flow.  The  range  of  temperatures  was  from  4  to  60°  Cent* 
or  89  to  128°  Fahr.  The  interesting  point  is  made  that  the  intersections  of  the  lines  for 
ordinary  and  for  "  stream  line  "  flow  vary  as  the  viscosity  of  the  water. 
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1.75,  takes  place  on  Pipe  XVI  at  a  velocity  of  3.5  ft.  at  70-  and  at 
about;  5  ft.  for  40°.  Particular  attention  is  also  called  to  the  crossing 
of  the  lines,  and  to  the  fact  that  where  the  loss  is  proportional  to  the 
first  power  of  the  velocity  the  difference  in  head  for  any  certain  temper- 
ature interval  is  many  times  greater  than  where  the  loss  is  proportional 
to  the  1.75  power  of  the  velocity.  For  Pipe  XVI a  line  is  also  obtained 
for  75  degrees.  In  some  pipes,  Pipe  IX  for  example,  where  two  sec- 
tions show  very  slight  differences  under  regular  conditions  of  flow,  the 
differences  are  magnified  below  the  critical  velocity. 

The  interesting  question,  however,  in  connection  with  the  critical 
velocity,  is  whether  it  is  an  element  to  be  considered  for  the  velocities 
and  pipe  diameters  used  in  practice.  On  the  basis  of  the  experiments 
on  brass  pipe,  and  assuming  that  there  is  a  continuity  of  law  where  ex- 
tended to  diameters  greater  than  those  experimented  upon,  the  ques- 
tion may  be  given  an  approximate  answer.  The  question  involves 
the  determination  of  the  relation  between  the  pipe  diameter  and 
the  velocity  at  which  the  power  of  the  velocity  ceases  to  be  1.75. 

On  Plate  XL  the  points  for  Pipes  XVI,  XV,  XIII,  IX  and  VII, 
may  be  determined  fairly  well  for  the  experiments  at  approximately  70 
degrees.  In  addition  to  these  points,  the  writers  have  also  the  evi- 
dence of  experiments  at  very  low  velocities  on  Pipe  IL  These  were 
made  early  in  1901,  in  connection  with  another  study  in  hydraulics. 
The  heads  were  measured  first  with  water  and  later  with  oil  gauges. 
The  region  of  critical  velocity  was  explored  thoroughly.  No  evi- 
dence of  the  phenomenon  was  found  in  the  first  68  ft.  of  pipe  down 
stream  from  the  5  in.  pipe.  For  this  section  the  ordinary  flow  equa- 
tion seemed  to  hold,  down  to  velocities  as  low  as  0.25  ft.  per  second. 
But,  in  the  succeeding  length,  corresponding  to  Section  A-B  in  the 
present  experiments,  the  gauges  showed  a  decidedly  unstable  condition 
of  flow  from  0.55  ft.  per  second  down  to  about  0.35  ft.  per  second.  The 
temperature  of  the  water  for  these  experiments  was  about  40  degrees. 

The  critical-velocity  points  seem  to  lie  approximately  on  a  straight 

line.     Such  a  line  was  drawn,  and  the  intersections  with  the  70°  lines 

of  slope,  1. 75,  were  marked.     The  velocities  thus  determined  were  then 

plotted  logarithmically,  with  respect  to  the  diameters,  and  from  this 

plotting  the  law  for  impending  critical  velocity  at    70°  degrees  ap- 

0  088 
pears  to  be  V  =  -^  .  8  -A .    This  expression,  being  only  roughly  approxi- 
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mate,  may  be  replaced  by  7=  -'—  (rf,  in  feet).  For  40°  there  are 
only  two  points,  namely,  Pipes  XF/and  II,  but  these  indicate  the  law 
expressed  by  V=  goW- 

The  older  series  of  experiments  do  not  inclnde  many  with  velocities 
below  1  ft.  per  second,  and  the  critical  velocity,  therefore,  is  not  easily 
determined.  They  seem  to  indicate,  however,  that  the  velocities  at 
which  ordinary  conditions  are  established  are  somewhat  lower  than 
those  given  by  the  foregoing  formula.  However,  it  is  seen  from  the 
formula  that  the  change  in  condition  takes  place  at  very  low  velocities 
for  ordinary  sizes  of  pipe.  Moreover,  as  appears  from  Pipe  II,  it 
seems  that,  for  large  sizes,  a  long  length  of  straight  pipe  is  neces- 
sary to  allow  the  below-critical-velocity  flow  to  adjust  itself. 

The  formula  given  determines  only  the  limiting  point  for  the  use 
of  the  power,  1.75.  .The  lower  points,  where  the  loss  ceases  to  be 
directly  proportional  to  the  velocity,  are  approximately  on  the  same 
line  that  was  drawn  in  the  other  case,  but  the  intersections  must  now 
be  taken  with  the  lines  of  slope  1.     The  law  seems  to  be  about 

F=    *   aa.     This  law,  however,  is  not  of  as  much  interest  as  the  one 

applying  to  the  upper  points. 

It  seems  that  the  question  of  critical  velocity,  while  of  considerable 
scientific  interest,  is  of  no  practical  importance  to  the  engineer;  but 
spjkce  has  been  given  to  its  consideration  on  account  of  the  fact  that 
many  scientists  have  been  led  astray  in  attempting  to  apply  experi- 
mental data  from  very  small  pipes  to  pipes  used  by  the  engineer, 
simply  because  the  change  in  the  manner  of  flow  was  not  understood. 

Experiments  on  Small  Rubber  Hose. 

It  had  been  planned  to  perform  a  considerable  variety  of  experi- 
ments on  small  hose,  especially  as  regards  the  effect  of  curvature 
on  the  loss  of  head.  Unfortunately,  there  was  not  enough  time  to 
follow  out  by  a  more  extended  experimental  study  the  interesting  and 
surprising  results  obtained. 

The  hose  were  fed  from  the  bottom  of  the  large  drum,  1.135  ft. 
internal  diameter  and  2.167  ft.  long,  at  the  up-stream  end  of  the  5-in. 
brass  pipe.  A  bushing,  a  1-in.  short  vertical  nipple,  a  1-in.  reducer- 
elbow,  a  f-in.  short  nipple,  a  f-in.  disc  valve,  and  bushings  into  which 
the  connecting  nipples  of  the  hose  screwed,  were  the  fittings,  in  their 
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respective  order.  The  valve  was  wide  open  during  the  experiments, 
the  pressure  being  regulated  bj  a  2 -in.  valve  on  the  pipe  leading  into 
the  drum.  An  air-chamber  was  attached  to  the  top  of  the  drum,  and 
from  this  a  connecting  hose  led  to  a  two-column  mercury  gauge,  one 
arm  of  which  was  open  to  the  air.  In  all  the  experiments  the  hose 
were  allowed  to  drop  to  the  floor  (about  6  ft.  below  the  bottom 
of  the  drum)  and  laid  straight  (curve  experiments  excepted,  of  course) 
along  it,  except  for  an  easy  return  curve  of  about  3  ft.  diameter  and  a 
slow  rise  to  the  sharp  downward  curve  at  the  discharge  end.  Thus 
the  entry  and  discharge  conditions  were  alike  in  all  experiments.  The 
level  of  the  discharge  end,  with  respect  to  the  gauge  scale,  was  deter- 
mined.    An  extreme  variation  of  0.1  ft.  might  have  occurred. 

In  Experiments  Nos.  655  to  658  the  hose  was  laid  on  aboard  and  held 
in  position  in  a  horizontal  plane  by  means  of  nails.  The  loops  oc- 
curred at  the  ends  of  the  board  where  the  hose  returned  on  itself. 
Except  at  the  endB,  the  curves  were  semicircles  alternating  in  direction 
of  curvature,  the  radius  being  the  same  as  when  the  hose  was  wound 
on  the  cylindrical  drum. 

The  hose  used  were  of  three-ply,  cotton -insertion,  rubber  tubing 
with  smooth  interior  surfaces.  The  inside  rubber  lining  was  very 
heavy. 

It  has  been  the  established  idea  that  reversal  of  curvature  intro- 
duces about  twice  as  much  loss  of  head  as  the  same  amount  of  con- 
tinuous curvature,  the  length  of  pipe  being  the  same  in  the  two  case*. 
The  experiments  on  Hose  A  contradict  this  so  flatly  that  it  can  only 
be  concluded  that  there  is  something  radically  wrong  with  the 
hypothesis  underlying  the  accepted  notion.  The  small  size  of  the 
hose  might  be  regarded  as  a  bar  to  the  serious  consideration  of  the 
results,  but  the  experiments  of  John  R.  Freeman,  M.  Am.  Soc.  C.  E., 
on  2.49-in.  hose*  are  somewhat  confirmatory.  Mr.  Freeman  found 
that  a  full  circle  of  2  ft.  radius  (9.65  diameters)  gave  practically  the 
same  excess  loss  over  straight  hose  as  that  given  by  four  quadrants 
of  the  same  radius,  but  introducing  two  reversals  of  curvature.  In 
figures,  the  full  circle  gave  b\%  less  excess  loss. 

In  the  curvature  experiments  on  Hose  A,  the  data  of  which  are 
given  in  Table  No.  8,  the  radius  of  curvature  was  2^4  ins.,  or  nearly 
eight   diameters.      The  amount  of  curvature  was  purposely  made 
large  so  that  the  effects  might  show  up  in  no  uncertain  manner. 
♦  Transactions,  Am.  Soc.  O.  E.,  Vol.  XXL 
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TABLE  No.  8.— Experiments  on  Hose. 
Hose  A.     I  =  47.93  ft.     d  =  0.370  ins. 
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No.  of 
experi- 
ment. 


647 


640 

660 
661 


664 
666 
666 
667 


684 
686 
686 
678 
679 
680 
681 
688 
683 


687 


600 
691 
692 


698 
694 
696 
696 
697 


698 
699 
700 
701 
702 
708 
704 
706 
706 
707 
708 


Total 

Temp. 

acting  J7, 
feet  of 

water. 

47.5» 

49.01 

88.14 

27.08 

49 

14.18 

49.10 

49 

88.14 

49.6 

28.87 

51 

11.28 

51 

49.10 

51.2 

88.14 

25.16 

58.0 

12.84 

51 

49.05 

Lobs  of  head, 
in  feet  per  100. 


49 

49.5 

50.5 

60 

61 

62.2 

68.5 

50 

42.4 


45 
44.5 
44 
44 

44 
86.6 


69 

60.5 

58.5 

58 

58 

60 

68 

50.5 

47 

44 

48 


98.7 


Velocity. 


Remarks. 


0.5  g-  allowed  for  entry;  647  to 

650  hoee  laid  with  two  easy 
curves  in  addition  to  one  at 
beginning  and  one  at  end;  659 
same;  651  to  664  hose  wound 
In  a  spiral  of  22  complete  turns 
around  a  drum  or  5}£  ins. 
diameter;  655  to  658, 89  curves, 
Including  8  loops;  88  reversals 
of  curvature:  curves  of  same 
radius  as  in  651  to  654. 
In  curve  experiments  there  were 
curves  also  at  beginning  and 
end  as  in  647  to  650. 


Hose  Av     d  =  0.380  in. 


49.09 
84.50 
16.73 
49.22 
86.68 
22.08 
8.86 
49.08 
74.05 

94.8 
68.7 
82.4 
47.9 
86.4 
21.6 
8.7 
49.1 
78.8 

7.640 
6.807 
4278 

6.4881 

4.674 

8.504 

2.108 

5.898 



6.787J 

V* 
0.5  „—  allowed  for  entry. 

I  =  50.28  ft. 

Used  A-\-At(l  =  98.58  ft.)  and 
subtracted  A%  using  a  diagram 
based  on  Experiments  647  to 
660. 


Hose  Bv    1  =  11.87  ft.    d  =  0. 504  in. 


48.10 

840.5 

86.98 

262.5 

24.79 

176.8 

14.71 

104.9 

7.85 

56.8 

72.26 

511.1 

.18.076 
.  15.781 

.12.854 
.1  9.829 
.1  7.078 
.22.240 


0.65— allowed  for  entry. 


Hose  B.     d  =  0.519  in. 


43.5 

43 

43.5 

44 

89 

48.80 
88.68 
18.77 
9.71 
74.89 

77.1 
58.2 
29.9 
15.7 
116.7 

7.7811 

6.870 
4.649 
8.248 
9.7281 

I 

Used  Bx  4-  B  (I  =  61.82  ft.)  and 
subtracted  Bl%  using  a  diagram 
based  on  Experiments  687  to 
692. 


Hose  C.     I  =  14.37  ft,     d  =  0.254  in. 


49.56 
86.63 
24.78 
14.48 
8.17 
4.58 
49.81 
49.14 
48.99 
75.00 
49.81 


825.9 
240.8 
162.8 
95.6 
54.1 
80.1 
324.4 
822.7 
821.9 
490.7 


10.760 
9.255 
7.520 
5.627 
4.(K2 
2.978 
10.757 
10.815 
10.750 
18.764 
11.088 


0.5  75—  allowed  for  entry. 
2g 
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The  most  surprising  result  was,  that,  although  each  series  shoved 
a  most  decided  effect  on  the  loss  of  head  and  the  discharge,  the  value 
of  n,  in  the  formula  /f  =  m  P",  remained  practically  constant,  the  t 
large  changes  being  in  the  value  of  m.  (There  is  a  small  increase  for 
the  case  of  reversed  curvature.)  Should  this  result  be  confirmed  by 
further  experiments  along  this  line,  it  will  have  an  important  bearing 
on  the  subject  of  the  nature  of  the  resistances  which  cause  loss  of 
head  in  a  pipe.  For  it  would  appear  that  the  value  of  the  exponent, «, 
is  determined  solely  by  the  nature  of  the  inner  surface  of  the  pipe, 
while  m  depends  on  the  distribution  of  the  velocities  throughout  the 
cross -section,  and  on  the  temperature. 

The  fact  that  the  reversed  curves  caused  only  about  half  as  much 
increase  of  resistance  as  the  continuous  curves  is  certainly  something 
to  think  about.  It  is  to  be  hoped  that  further  and  more  elaborate 
experimentation  may  bring  out  the  laws  which  govern  the  resistances 
in  various  cases  of  flow  in  curves.  It  may  not  be  out  of  place  to 
suggest  the  bearing  of  such  studies,  not  only  on  sinuous  supply 
mains,  but  also  on  the  flow  in  turbine  wheels. 

The  results  of  the  experiments  on  the  hose  when  laid  with  easy 
curves  and  tangents  are  of  interest  in  their  relation  to  the  result*  of 
the  brass  and  galvanized  pipes.  The  values  of  m  and  n,  as  obtained 
from  a  logarithmic  plotting,  are  as  follows: 

m,  in  feet 
Hose.  Diameter.  ptrlOOft.  ft. 

A 0.370  in 

B 0.519  "  

Bx 0.504  "  

C 0.254  "   

The  experiments  on  Bx  were  made  with  high  velocities  (7  to  22  ft. 
per  second),  and  it  is  probable  that  the  usual  allowance  for  entry  loss 
is  insufficient,  the  velocities  in  the  }-in.  fittings  being  considerable. 
The  high  value  of  n  and  the  low  value  of  m  bear  out  this  statement 
Hose  B  is  free  from  this  objection. 

Especial  attention  is  called  to  the  low  values  of  n  for  Hose  At  B 

and  C. 

Experiments  on  Entry  Loss. 

The  writers  made  some  experiments  to  investigate  the  commonly 
accepted  value  for  loss  of  head  due  to  a  square-edged  entry.    The 


2.24 

1.78 

1.82 

1.82 

1.32 

1.91 

4.2 

1.81 
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experiments  were  made  on  Pipes  //and  X.  For  Pipe  II the cycloidal 
mouthpiece  at  the  junction  of  the  5 -in.  brass  pipe  was  replaced  by  a 
specially  turned  brass  bushing  with  a  plain  inside  face.  The  opening 
in  this  is  2.096  ins.  in  diameter,  the  same  as  Piezometers  A  and  2?. 
Section  A- B  of  Pipe  //was  moved  up  stream  next  to  the  5- in.  pipe, 
and  Piezometer  A  was  inserted  between  the  first  two  pipe  lengths  of 
the  section.  The  slight  ridge  where  the  pipe  was  screwed  tip  against 
a  shoulder  in  the  bashing  was  smoothed  down.  The  entry  length  of 
Pipe  Xt  likewise,  was  screwed  into  a  brats  bushing,  giving  a  square- 
edged  entry.  An  air-chamber  was  substituted  for  the  end  air-cock  on 
top  of  the  header,  and  the  pressure  was  taken  from  this.  The  diameter 
of  the  header  (2  J  ins.)  is -so  large,  relatively  to  Pipe  X,  that  practically 
static  conditions  prevailed.  For  Pipe  //,  however,  the  effect  of  the 
small  velocity  in  the  5-in.  pipe  on  the  up-stream  piezometer  has  been 
considered. 

The  results  are  given  in  Table  No.  9 .     It  will  be  seen  that  the 

yi 
values  for  Pipe  //  check  fairly  the  accepted  value,  0.5  j^— .     Pipe  X, 

however,  gives  lower  indications,  the  values  seeming   to   average 

V2 
about  £  — .     These  results  indicate  the  possibility  of  a  higher  value 

V2 
than  0.5r-  for  pipes  of  commercial  size. 

Extent  op  Entry  Disturbances  in  Succeeding  Tangent. 
The  experiments  on  Pipe  //  seem  to  show  that  the  piezometric 
effects  of  a  square-edged  contraction  do  not  extend  78  diameters 
down  stream.  Section  A-B  gives  normal  results.  In  Pipe  X,  on 
the  other  hand,  Experiments  666  to  670  show  that  43  diameters  are 
not  sufficient,  for  both  the  high  results  for  entry  loss  and  the  low 
results  for  the  loss  in  Section  A-B  show  that  Piezometer  A  was  in 
the  abnormal-flow  region.  With  these  results  the  evidence  obtained 
by  the  writers  on  the  effects  of  curves*  should  be  compared. 

Practical  Deductions. 
The  engineer  will  ask:  "Of  what  use  are  refined  laboratory  experi- 
ments on  pipes  with  conditions  never  met  in  practice?"    Waiving  the 
answer,  for  the  present,  let  us  examine  the  evidence  to  be  had  on  the 
general  subject  of  the  flow  of  water  in  pipes. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XL VII,  p.  817. 
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Wherever  possible,  the  original  records  of  experimental  data  have 
been  consulted.  By  the  , method  of  logarithmic  plotting  of  losses  of 
bead  with  velocities,  some  150  series  of  experiments  have  been  inves- 
tigated, and  the  values  of  m  and  n  determined.  The  writers  early 
came  upon  the  necessity  of  either  considering  all  the  evidence,  or  else 
of  running  the  risk  of  making  errors  in  judgment  and  perhaps  of 
allowing  partiality  more  play  than  desirable  in  such  a  study. 

In  the  preliminary  plotting,  all  experiments  which  had  been  inves- 
tigated were  considered.  In  the  final  plotting  many  are  left  out. 
But  the  writers  can  state  conscientiously  that  the  conclusions  are  not 
altered  thereby.  The  experiments  omitted  from  the  plotting  are 
mostly  old  German  and  English  experiments,  the  exact  conditions 
and  methods  of  measurement  being  generally  unknown.  If  they  were 
included  (and  the  writers  were  sorely  tempted  to  do  so  on  account  of 
the  indications  of  most  of  them)  they  could  not  be  given  much  weight, 
no  matter  what  the  indications,  on  account  of  this  uncertainty. 

Considering  now  the  general  subject,  there  is  presented  on  Plate 
XLI  a  logarithmic  plotting  of  the  values  of  m  (as  determined  from 
plottings  of  each  series  of  experiments),  with  the  diameters  of  the 
pipes.  It  will  be  noticed  that  the  values  of  n  are  marked  near  the 
points.  These  serve  as  descriptions  of  the  nature  of  the  pipe,  from 
the  experimental  standpoint.  In  addition  to  this,  the  material  is  also 
indicated.  This  latter  is  the  engineer's  description,  and  is  usually 
far  from  complete,  but,  with  the  assistance  of  the  knowledge  of  the  ' 
value  of  n,  the  indications  can  be  discussed  more  rationally. 

It  will  be  seen  that  the  range  of  pipe  diameters  varies  from  -^  in. 
to  12  ft.  A  very  casual  examination  will  show  that  all  the  points  lie 
in  a  comparatively  narrow  zone  and  hence  indicate  some  exponential 
relation.  • 

First  of  all,  the  line  best  fitting  the  points  for  the  writers'  brass 
pipes  has  been  drawn.  On  account  of  the  very  considerable  effect  of 
temperature  on  the  value  of  m,  the  middle  points,  for  55°,  have  been 
used.  There  are  plotted,  also,  the  points  for  40°  and  70°,  but  these 
are  not  used,  except  to  convey  to  the  eye  the  magnitude  of  tempera- 
ture effect. 

The  variations  in  the  value  of  n  for  the  seamless-drawn  brass  pipes 
(all  apparently  of  the  same  degree  of  roughness),  have  been  noted. 
Hence,  corresponding  indications  due  to  the  values  of  m  are  to  be 
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II 


expected,  and  the  variations  f  rom  the  line  which  has  been  drawn  I 
seen  on  Plate  XLL 

One  feature  will  be  noticed  at  once.     The  line  for  the  brass  pi] 
forms  the  lower  limit  of  the  zone  in  which  all  the  plotted  points 
This  is  another  way  of  stating  that  these  pipes  represent  the  exti 
of  smoothness  and  ideal  conditions.     The  equation  of  this  line,  1 
lecting  the  third  place  of  decimals  in  the  exponent,  is 

0.296 


d  1  •*• 

in  which  in  is  in  feet  per  1  000  ft.,  and  d  is  in  feet.     Placing  this  ra 
in  the  general  expression,  H  =  m  Va,  and  using  the  average  value  I 
n,  there  results 


H  = 


0.296 
dltb 


y*  .7& 


in  which  HiB  in  feet  per  1  000  ft.,  and  d  is  in  ft.     This  expr 
then,  gives  the  loss  of  head  for  extremely  smooth  pipes  laid  straig 
But  this  is  not  all.     There  occur  maximum  .variations  in  the  value  i 
m  of  approximately   1%  each  way  from  the  line  of  this  equatia 
Hence,  it  is  seen  that  this  variation  must  be  taken  into  ace 
There  is  also  an  effect  due  to  the  variation  in  n,  and  this  may  1 
considerable  for  high  velocities.    It  is  not  as  prominent  a  factor  i 
the  smooth  brass  pipes  aB  in  pipes  used  in  practice,  but  it  is  point* 
out  as  something  to  be  borne  in  mind.     The  writers  might  wish,  I 
many  hydraulic  engineers  have  wished,  that  there  was  less  uncer 
in  designing    pipe  systems,  but,  since  it  exists,  its  probable  exU 
should  be  made  an  integral  part  of  any  formula.   Therefore,  concer 
smooth  brass  pipes,  under  nearly  ideal  conditions,  it  becomes  neces 
to  write,  for  the  general  expression, 
0.296    ™  . 


H=. 


±7%. 


Looking  at  this,  and  remembering  the  long  months  of  monotonoJ 
experimentation,   the  care  taken  to  have  everything  accurate,  tl| 
temperature  factor,  which  alone  may  cause  a  variation  as  large  as  tb 
given  above,  the  writers  feel  that  it  nevertheless  represents  a  step  i 
advance;  for  while  it  does  not  tend  to  make  hydraulic  science 
more  exact,  it  at  least  helps  to  make  it  safer  in  application. 

Modifying  the  above  formula,  there  is  obtained  the  expression 
F=104s°-67  d0'71  ±±%; 
or,  using  the  "hydraulic  mean  radius," 

F  =  279s0-57  B071  ±4%. 
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In  these  last  expressions  s  is  the  hydraulic  slope,  in  feet  per  foot 
of  length.  In  these  expressions  temperature  effect  has  not  been  in- 
cluded. As  has  been  stated,  the  effect  is  to  vary  the  loss  of  head  about 
4%  for  a  change  of  10°  Fahr.  Owing,  however,  to  the  uncertainty 
regarding  the  effect  on  the  rougher  pipes  used  in  practice,  the  writers 
feel  that  its  insertion  might  be  misleading. 

Commercial  Pipes. — Considering  now  the  kinds  of  pipes  used  in 
practice,  the  writers  desire,  first  of  all,  to  call  attention  again  to  the 
indications  of  their  experiments  on  galvanized -iron  pipes.  It  is  seen 
that,  not  only  is  there  a  variation  in  the  exponent,  n,  from  1.80  to  1*96, 
but  that  Pipe  XV III,  although  having  but  two- thirds  the  internal 
sectional  area  of  Pipe  XVII,  nevertheless,  has  a  decidedly  greater  dis- 
charging capacity  per  unit  of  sectional  area,  or,  in  other  words,  offers 
less  resistance  to  the  flow,  for  the  same  velocity.  Nevertheless,  to  the 
eye,  all  the  pipes  appear  to  be  of  the  same  degree  of  roughness. 
These  two  facts  throw  a  strong  illumination  on  the  hitherto  unac- 
countable variations  in  the  results  of  standard  experiments. 

Although  Darcy's  experiments  showed  clearly  the  effect  of  varia- 
tions in  roughness  which  were  easily  perceptible,  and  which  could 
ba  described  so  as  to  be  recognized  by  ordinary  inspection,  yet  the 
hydraulic  literature  of  the  past  decade  or  two  bears  out  the  statement 
that  the  extent  of  the  effects  of  variations  in  character  of  surface 
which  practically  defy  detection  have  not  been  appreciated.  Other- 
wise, how  can  we  account  for  statements  by  well-known  engineers  that 
certain  formulas  will  give  results  within  2  or  3%  of  the  truth? 

Turning  again  to  the  general  plotting  on  Plate  XLI,  we  have  to 
consider  the  experiments  which  lie  in  the  zone,  one  of  the  limits  of 
which  is  the  line  already  discussed.  Attention  should  be  called  to 
the  fact  that  some  of  the  series  of  experiments  do  not  show  much 
harmony  in  the  indications,  and  that,  therefore,  it  is  a  matter  of  judg- 
ment just  where  to  draw  the  line  on  the  logarithmic  plotting  of  the 
losses  of  head  and  velocities.  Hence,  the  values  of  m  and  n  have  the 
effects  of  the  personal  equation.  But  the  two  values,  taken  together, 
represent,  as  well  as  may  be,  the  conditions  in  the  range  of  the  series 
under  investigation. 

It  will  be  seen  that  the  variations  in  the  value  of  the  exponent,  n, 
are  greater  than  the  variations  found  by  the  writers  for  the  galvanized 
pipes.     Outside  of  the  heavily  tuberculated  and  riveted  pipes,  this 
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variation  is  from  1.74  to  2.00.  The  exponents  given  for  the  series  by 
Herschel  and  by  Darcy  represent  fairly  the  point  which  has  been 
made.  The  values  of  m  and  n  for  the  30-in.  pipe  of  Williams,  Hubbell 
and  Fenkell  have  been  furnished  to  the  writers  by  Professor  Williams. 
They  are  the  result  of  a  plotting  of  the  original  data,  on  their  own 
merits.* 

It  will  be  seen  that  a  line  parallel  to  the  one  already  drawn  will 
represent  fairly  the  other  limit  of  the  zone.  The  experiments  which 
determine  this  line  are  those  by  Darcy  on  tuberculated,  cast-iion  pipe. 
and  some  of  those  by  Herschel  and  some  by  Marx,  Wing  and  Hoskios 
on  riveted-steel  pipe.     Noble's  44-in.  wood-stave  pipe  also  comes  close 

O  fift7 
to  this  line.  The  equation  is  m  =  ■  ^nTT"  •  As  *or  ^e  general  equa- 
tion, we  have  a  variation  in  the  value  of  n  from  1.67  to  1.99.  The  value, 
1.67,  from  Hersohel's  36-in.  pipe,  is  lower  than  anything  else  on  the 
plate.  The  writers  consider  that  this  value  is  questionable,  although 
it  is  what  the  series  of  experiments  gave.f  Hence,  the  variation  in  * 
will  be  considered  as  from  1.82  to  1.99,  and  the  general  formula 
becomes 

_     0.687      t^,. 82  to   1-90 

in  which  His  in  feet  per  1  000  ft.,  and  d  is  in  feet.  Converting  this 
into  the  other  form,  there  appears 

V=  54.7  to  38.9  8° *55  *°  °-50  d°-99  to  °-63,. 
Using  the  hydraulic  radius,  this  becomes 

V  =.  142  to  93  s0*55  *>  0,6°  r  0,e9  to  °'83. 

The  two  sets  of  equations  thus  far  given,  then,  may  be  regarded  as 
giving  the  two  extremes,  the  first  for  very  smooth  pipes  laid  very 
straight,  and  the  second  for  a  considerable  degree  of  tuberculation  (or 
an  inner  surface  comparable  to  it). 

But  neither  one  of  these  formulas  represents  the  great  majority  of 
cases  which  confront  the  hydraulic  engineer.  These  latter  are  in  eluded 
in  the  zone  bounded  by  the  full  line  and  the  middle  line  on  Plate  XU 

The  values  of  n  vary  from  1. 74  to  2. 00.  The  equation  is  m  =  ^g/ — 

and  the  general  expression  becomes 

„     0.296  to  0.469   F1.74|0,.00 

*  Not  as  described  in  Transactions,  Am.  8oc.  C.  E..Vol.  XLVII,  pp.  113  and  18BL 
t  Mr.  Herschel,  Himself,  questions  the  reliability  of  seven  out  of  eight  experiments. 
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In  the  second  form,  this  gives 

F=  107  to  46  s0-57  to  o-»»  d0-72  to  °-«2, 

or 

F  =  289to  109a°*B7  too. so  r  o.72  to  o.ea 

This  last  series  of  equations  may  be  said  to  represent  the  range  of 
results  which  the  best  modern  experimenters  have  obtained  on  actual 
pipe  lines  in  service  or  ready  for  service.  The  range  of  values  is 
large,  but  the  writers  do  not  desire  to  narrow  the  analysis  any  more 
at  present.  Their  purpose  will  have  been  accomplished  if  this  paper 
serves  to  bring  out  some  of  the  factors  which  have  been  neglected  or 
not  fully  appreciated  in  the  past.  Above  all,  it  is  hoped  that  a  vigor- 
ous discussion,  in  the  true  scientific  spirit,  may  result,  and  that  less 
of  personality  and  more  of  the  truth  may  appear  than  is  wont  to  be 
the  case. 


The  experiments,  the  data  of  which  are  given  in  this  paper,  were  performed  between 
February  24th,  1902,  and  February  25th,  1908.  Experiments  Nos.  25  to  771  were  performed 
after  July  10*h,  1902  Earlier  preliminary  experiments,  during  1901,  are  noted  in  the 
paper. 

The  original  notes  and  the  data  tabulated  from  them  are  on  file  in  the  Hydraulic 
Laboratory  of  the  College  of  Civil  Engineering  of  Cornell  University,  where  they  are 
available  for  examination  at  any  time. 
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APPENDIX. 


Discussion  of  Theories. 

The  writers  do  not  venture,  at  present,  to  give  any  hypothesis 
showing  why  the  exponent  for  smooth  pipes  should  be  1.75.  They 
merely  give  it  as  an  experimental  fact. 

There  has  been  an  attempt,  however,  to  explain  the  matter  by  say- 
ing that  the  resistance  is  really  composed  of  two  parts,  one  due  to  the 
true  friction  on  the  pipe  wall,  and  depending  on  the  first  power  of  the 
velocity,  and  the  other  due  to  the  impacts  of  the  particles  on  each 
other  and  depending  on  the  square  of  the  velocity.  The  theory  states 
that  the  composition  of  these  two  parts  will  be  equivalent  to  one  term 
with  the  power,  1.75.  The  formula  which  expresses  this  idea  is 
Uf=xV  -\-  yV2,  x  and  y  being  coefficients,  the  values  of  which  are  to 
be  determined.  Since  this  formula  (or  its  many  modifications)  has 
been  used  extensively,  and  since  it  expresses  the  idea  put  forth  above, 
the  writers  have  investigated  it,  to  see,  if  in  this  form  or  in  any  of  its 
modified  forms,  it  can  be  made  to  represent  accurately  a  series  of 
experimental  results. 

In  order  to  determine  the  values  of  the  coefficients  x  and  y,  at  least 
two  methods  have  been  in  vogue.  The  first — the  method  of  least 
squares — is  allowable  only  on  condition  that  the  coefficients  are  proved 
to  be  constants,  otherwise  the  formula  derived  and  its  limits  of  error 
apply  only  to  those  experiments  which  are  used,  and  its  application 
may  be  limited.  '  The  second  method — a  graphical  one — is  for  this 
reason  more  general,  but  in  most  cases  in  which  it  has  been  applied  it 
has  not  been  carried  to  completion.  It  consists  in  obtaining  first  a 
series  of  equations  in  x  and  y  by  substituting  the  observed  values  of 
Hf  and  V.  These  equations  may  be  represented  by  straight  lines,  and, 
if  x  and  y  are  constants,  all  these  lines  should  pass  through  one  point 
the  coordinates  of  which  are  the  desired  values.  Ordinarily,  however. 
it  is  said  that  the  lines  will  not  pass  through  a  point,  but  will  enclose 
a  small  area,  and  in  such  a  case  the  coordinates  of  the  center  of  gravity 
of  the  area  are  the  values  of  x  and  y.  This  method  has  been  applied 
by  the  writers  to  a  number  of  series  of  experiments,  and  in  no  case,  if 
a  suitable  scale  was  used,  did  the  lines  pass  through  a  point  or  enclose 
an  area.  In  every  case  the  lines  formed  a  series  of  tangents  to  a 
regular  curve  similar  to  one  branch  of  a  hyperbola,  and  to  which  the 
axes  were  apparently  asymptotic.  This  showed  clearly  that  xand  y, 
instead  of  being  constants,  were  really  functions  of  V.  Further  in- 
vestigation also  showed  that  x  and  y  were  always  such  functions  of  V 
that  the  final  result  was  that  obtained  by  a  direct  logarithmic  plotting. 
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For  example,  if  the  logarithmic  plotting  leads  to  Hf  =  m  F1-75,  this 
method  leads  to  Hf  =  x  V+yV*=(a  F°-7fi)  V+  (b  F_0-»b)  V2  = 
(a  +  b)  F1-76.  If  it  is  admitted  that  Hf  =  m  F1-76  represents 
Accurately  the  relation,  it  can  also  be  proved  mathematically 
that  any  attempt  to  express  the  relation  in  two  terms  will  lead 
to  variable  coefficients  and  finally  result  in  the  same  way  as  shown 
above. 

A  more  general  expression,  Hfz=a  V+b  V2  +  c, is  sometimes  used. 
It  can  be  shown,  also,  that  a,  b  and  c  will  be  functions  of  F.  In  a 
number  of  cases  where  this  form  has  been  used,  negative  values  of  c 
have  resulted  when  a,  b  and  c  have  been  found  by  least  squares.  These, 
surely,  are  not  easily  interpreted. 

The  foregoing  investigation  shows  that  the  explanation  given  for  the 
presence  of  the  exponent,  1.75,  and  which  is  expressed  by  the  Prony 
formula,  Hf=x  V+  y  V'\  by  those  who  hold  to  this  idea,  is  question- 
able. It  also  shows  that  all  formulas  which  involve  V2  in  any  way  will 
Also  involve  in  general  a  coefficient  depending  on  V.  The  exception 
consists  in  the  fact  that  a  very  few  experiments  on  pipes  do  show  an 
exponent  of  2.     As  is  readily  seen,  we  thus  account  for  the  variables 

yand  c  in  the  familiar  formulas,  H  =  ±f—p  -5-  an<*  v  =  G^  r  8.    Of  all 

the  forms  yet  advanced,  the  only  one  which  will  represent  the  condi- 
tions at  all  accurately  is  the  one  the  writers  have  adopted,  Hf=mVn, 
and  n  is  to  be  determined  for  each  series  of  experiments.  It  will  be 
seen,  of  course,  that  the  formula,  V=  C  r*  *v,  is  merely  a  modification 
of  Hf  =  m  V*,  m  being  dependent  on  d. 

The  writers,  for  a  time,  had  the  idea  that  the  reason  for  the  exponent 
of  V  being  different  from  2  might  lie  in  not  distinguishing  between 
the  square  of  the  mean  velocity  and  the  sum  of  the  squares  of  the  indi- 
vidual velocities  throughout  the  cross-section  of  the  pipe.  (They 
fully  recognized,  however,  the  fact  that  the  idea  of  flow  in  parallel 
filaments  is  merely  a  theoretical  convenience.)  They  therefore  have 
investigated  the  question  as  to  what  power  of  Vm  will  give  the  same 

2  V2 
result  as ,-•     The  supposition  that  the  velocity  curve  is  an  ellipse, 

led  to  results  which  indicated  that  their  view  was  correct.  The  ex- 
ponent of  Vm  had  a  value  of  2  for  a  velocity  of  8  ft.  per  second  and 
decreased  for  lower  velocities.  For  a  velocity  of  1  ft.  per  second,  many 
peculiarities  in  the  values  of  the  exponent  were  shown  similar  to  those 
which  the  present  experiments  show  in  the  critical-velocity  transition 
stage.  However,  the  best  test  of  theory  is  experiment,  and  when  a 
series  of  Pitot  tube  traverses  was  investigated,  there  was  found  fche 

«       2  V2 
experimental  fact  that  the  relation,  Vm*  = a-  ,  holds  almost  exactly 

in  every  case.     While  proving  that  the  proposed  explanation  was 
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incorrect,   this    fact  will   doubtless  be  of   value  to    those  who  are 
interested  in  determining  the  true  form  of  the  velocity  curve. 

In  connection  with  the  value,  1.75,  obtained  for  the  exponent  on 
brass  pipes,  it  will  doubtless  be  of  interest  to  mention  the  fact  that 
Hagen  gives  the  following  relation  for  obtaining  the  volume  of  a  unit 
weight  of  water  at  any  temperature: 

*  (t  —  x)1-74*  =w  (G—y) 
where  t  iB  the  temperature,  x  the  temperature  at  the  greatest  density. 
G  the  volume  of  a  unit  weight  at  the  temperature  f,  and  y  that  at  the 
temperature  x.  The  writers  would  not  venture  to  say  that  there  i* 
any  connection  between  this  exponent,  1. 743,  and  the  exponent  which 
they  obtain  for  smooth  pipes.  The  coincidence,  however,  is  interest- 
ing. 


VOL.  XXIX.  MAY,  1903.  No.  8. 


AMERICAN  SOCIETY  OP  CIVIL  ENGINEERS. 

INSTITUTED    1852. 


PAPERS  AND  DISCUSSIONS. 

This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  adTanced 
in  any  of  its  publications. 


THEORY  OF  CENTRIFUGAL  PUMPS  AND  FANS: 
ANALYSIS  OF  THEIR  ACTION,  WITH 
SUGGESTIONS  FOR  DESIGNS. 


By  Elmo  G.  Harris,  M.  Am.  Soc.  C.  E. 
To  be  Presented  September  16th,  1903. 


Introduction. 

The  writer  recently  had  occasion  to  look  for  a  satisfactory  discus- 
sion of  the  theory  of  centrifugal  pumps,  and,  not  finding  the  subject 
introduced  at  all  in  most  of  the  books  on  kindred  subjects,  he  under- 
took to  hunt  up  some  special  literature  bearing  upon  it,  and  was 
surprised  to  find  that,  apparently,  the  subject  of  centrifugal  pumps 
had  been  overlooked  or  neglected  by  competent  writers  on  applied 
mechanics. 

That  this  is  true  is  a  matter  of  no  small  surprise  when  the  import- 
ance of  the  subject  and  its  attractiveness,  theoretically,  are  considered. 

To  those  who  would  say  that  to  follow  out  the  conclusions  recom- 
mended in  this  paper  would  lead  to  unjustifiable  refinement  in 
machines  applied  to  rough  and  temporary  use,  the  answer  should  be : 
Knowledge  of  correct   principles   does  not  necessitate  extravagant 

Notb. — These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  .present  at  the  meeting,  and  may 
be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published 
in  a  subsequent  number  of  Proceedings,  and  when  finally  closed,  the  papers,  with  dis- 
cussion in  full,  will  be  published  in  Transactions. 
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refinement,  but  with  it  we  can  simplify  and  cheapen  the  machine  in 
such  a  way  as  to  make  the  least  sacrifice  of  efficiency;  and,  further, 
that  there  are  no  apparent  reasons  why  refinement  in  proportion? 
and  workmanship  will  not  yield  results  frilly  justifying  the  extra 
cost,  thus  placing  the  machine  in  a  higher  class  and  extending  its  use 
to  conditions  now  considered  out  of  its  field. 

As  a  result  of  this  study  there  are  proposed  three  classes  of  pumps- 
Centrifugal,  Impulse  and  Turbine.  The  necessity  of  distinguishing 
purely  impulsive  aotion  from  centrifugal  force  will  be  apparent  to 
anyone  who  follows  the  discussion,  and  who  has  a  fair  knowledge 
of  mechanics. 

In  the  mathematical  equations  and  formulas  introduced  in  this 
study  there  is  no  attempt  to  include  a  factor  or  term  to  account  for 
losses  by  friction,  impact,  or  otherwise.  Such  losses  will  occur,  of 
course,  but  they  are  of  a  nature  which  does  not  permit  of  mathemat- 
ical formulation.  The  writer  thinks  it  better  to  present  the  underlying 
principles  clearly,  with  the  simplest  and  least  possible  mathematics, 
and  then  interpret  the  results  of  experiment  by  comparison  with  whst 
ought  to  occur  under  perfect  conditions.  With  this  in  view,  the 
several  causes  of  loss  are  discussed,  and  suggestions  offered  for  find- 
ing where  the  greater  portion  of  this  loss  occurs.     (See  page  490.) 

The  writer  has  found  some  attempts  at  mathematical  analysis  for 
determining  the  proportions  of  a  pump  that  should  give  maximum 
efficiency,  but  thinks  that  such  analyses  are  a  misuse  of  mathematics, 
and  are  apt  to  put  the  science  in  disrepute.  Whatever  the  design  of  a 
centrifugal  pump  (or  of  an  impulse  pump),  the  dynamic  principle  on 
which  it  acts  is  that  of  imparting  energy  to  water  by  giving  it  a  high 
velocity.  Within  the  machine,  the  water  must  be  taken  from  a  state 
of  rest  (practically),  put  in  motion  and  brought  to  rest  again,  or 
nearly  so.  The  problem  for  the  designer  iB  then,  simply:  To  pa* 
water  in  motion  and  stop  it  again  with  the  least  possible  friction  of 
water  on  metal  and  of  water  on  water— simple  in  statement,  but  not 
simple  in  accomplishment. 

In  taking  up  this  study  the  writer  had  no  intention  of  going  beyond 
the  mathematical  analysis,  but,  was  irresistibly  led  into  attempts  »* 
designing  with  a  view  to  reducing  friction  losses  to  a  minimum,  I* 
these  designs  the  novel  features  introduced  are:  First,  the  introduction 
of  air  instead  of  water  between  the  wheel  and  casing;  second,  the 
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support  of  the  wheel  (in  some  designs)  by  air  pressure  from  below; 
third,  the  use  of  flaring  nozzles  for  checking  the  velocity  of  the  water 
as  it  leaves  the  propellers,  whereby  the  energy  of  the  velocity  can  be 
converted  into  pressure  with  the  least  possible  loss;  and,  fourth, 
making  the  discharge  adjustable. 

With  pumps  designed  and  tested  according  to  the  conclusions  of 
this  study,  it  will  be  possible  to  determine  satisfactory  coefficients  to 
apply  to  pumps  of  a  specific  class,  working  under  specific  conditions. 

The  proposed  modifications,  in  construction,  in  proportion,  and  in 
operation,  make  machines  so  different  from  anything  yet  tried  that 
they  must  be  considered  as  designs  evolved  from  theoretic  considera- 
tions without  the  light  of  experience.  Though  all  the  theoretic 
results  may  not  be  realized  to  a  satisfactory  degree,  the  writer  believes 
the  study  will  result  in  improvements  on  present  practice. 

CENTBiFuaAii  Pumps. 
Symbols. — For  convenience  of  reference,  the  symbols  used  are  col- 
lected here.  The  reader  should  not  be  discouraged  by  the  formidable 
array;  they  do  not  all  come  in  at  once,  and  the  working  formulas  will 
be  found  to  be  surprisingly  simple.  Most  of  the  symbols  are  also 
indicated  on  the  diagram,  Fig.  1. 

r    =  Radius  of  outer  limit  of  vanes ; 

rx    =  Radius  of  inner  limit  of  vanes ; 

x    =  Radius  of  any  intermediate  point — a  variable; 

u    =  Velocity  of  revolution  of  outer  limit  of  vanes; 

f. 
tiv  =  Velocity  of  revolution  of  inner  limit  of  vanes  =  — f-  u; 

V  =  Velocity  of  escaping  water,  relative  to  revolving  wheel; 
Vx  =  Velocity  of  entering  water,  relative  to  revolving  wheel; 
v    =  Absolute  velocity  of  escaping  water; 
r,   =  Absolute  velocity  of  water  as  it  enters  between  vanes; 
W  =  Weight  of  a  cubic  unit   (foot)  of  the  water  (or  other 

liquid) ; 
b     =  Width  of  vanes  at  outer  limit  =  width  of  circumferential 

opening  or  slot  through  which  discharge  occurs; 
bx    =  Width  of  vanes  at  inner  limits; 
a    =  Area  of  discharge  slot  =  2  n  r  b; 
aY   =  Area  of  entrance  to  vanes  =  2  it  rv  b} ; 
Q    ==  Quantity  (cubic  feet)  of  liquid  passing  (per  second); 
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fi    =  Angle  between  Fand  w; 

6    =  Angle  of  discharge,  relative  to  a  tangent  to  wheel  =  angle 

between  v  and  u; 
<p    =  Angle  between  vx  and  ut  =  90°,  unless  gnide  vanes  be  in- 
serted; 
h    =  Head,  or  lift,  above  pnmp; 
H  =  Total  effective  lift; 

k    =  Initial  or  entrance  head,  which  is  nsually  suction,  or  nega- 
tive head; 
p    =  Pressure  head  in  space  between  wheel  and  casing  =  press- 
ure head  in  water  at  instant  after  escape  from  wheel. 
"Foot-pound-second"  units  will  be  used. 

Purely  Centrifugal  Effects. — In  this  preliminary  study  the  reader 
should  disincumber  his  mind  of  the  more  complicated  conditions 
under  which  centrifugal  pumps  actually  work.  We  are  now  seeking 
the  relations  between  velocities  unaffected  by  change  of  pressnre. 
Later,  the  suction  and  discharge  pressures  will  be  introduced. 

Consider  a  prism  of  liquid,  of  unit  area  and  extending  between  the 
limits  rx  and  r,  in  a  revolving  wheel  without  outlet,  as  C  B,  Fig.  1. 
The  centrifugal  force  of  an  elementary  disk  across  this  prism,  of  thick- 
ness d  x  and  distance  x  from  the  axis  of  revolution,  is 

,.       Wu\dx 

df  =  ~ 

q  x 

where  wx  is  the  velocity  of  revolution  at  the  distance,  x,  from  the 

center.     Thus 

x 

tt*  =  —  W» 

r 
therefore 

df  =     — J-  x  d  x, 
g  r* 

and  the  total  centrifugal  force,  /,  which  is  effective  at  the  outer  end  of 
this  prism,  is  the  integral  between  the  limits,  x  =  r  and  x  =  r,. 
Hence 

f = 277* (r*  ~~ r2,)  =  27  (w*  —  "^  8ince  Ul  =  T~  "■ 

This  is  the  pressure  on  a  unit  area  at  the  circumference  of  the  wheel, 
and,  evidently,  it  is  independent  of  the  form  or  cross-section  of  the 
arm,  C  B.  Now,  pressure  divided  by  weight  gives  head.  Hence  the 
pressure  head  against  the  walls  of  the  pump  at  the   circumference 

_*  —  ttx 
*9 
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Now,  if  an  orifice  be  opened  at  the  circumference,  in  any  direction 

whatever,  and  the  pressure  outside  be  the  same  as  at  the  entrance, 

the  velocity  of  the  discharge,  relative  to  the  revolving  walls  of  the 

pump,  will  be 

\/2(/x  head, 
or 

V~=u2  —  u\; 

but  when  there  is  a  discharge  there  must  be  an  initial  velocity,  Fj,  at 

the  entrance,  and  this  must  be  considered  in  the  final  head  within  the 

wheel.     Thus,  the  total  head  at  B  will  now  be 

F2       ..i 


-'+- 


2<7^      2g     ' 

and  the  velocity  of  the  discharge,  relative  to  the  revolving  parts,  will 
have  the  relation 

V*=:    V2{+U2^U\ (/) 

Suppose,  now,  that  C  B  is  a  radial  f nationless  tube,  open  at  both 
ends,  and  that  a  particle  starts  from  a  state,  Plf  relative  to  the  tube, 
and  moves  out,  without  change  of  pressure,  from  radius  r,  to  r,  in- 
obedience  to  the  law  of  centrifugal  force  (or  acceleration).  Its  radial 
acceleration,  when  distant  x  from  the  center,  is,  by  well-known  lavs 
of  mechanics: 

d  Vr 


Also, 

Therefore, 
but,  as  before, 


Acceleration  =  - —  —     ,- 
x  dt 


V  -  — 
s"dtm 


x  *  at         ' 


X 

x      r 


(sub  x  indicating  the  conditions  at  the  distance,  xf  from  the  center.) 
Therefore, 

VxdVt  =  £xdx. 

Integrating  between  the  limits,  Fand  V]9  on  one  side,  and,  r  and  r,,  on 

the  other,  we  get 

V2-  V21  =  u2—u\ [I) 

Combined   Centrifugal   and  Impulsive  Effects. — In  Equation  /  the 
reader  will  probably  recognize  the  well-established  relation  of  veloci- 
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ties  in  impulse  water-wheels.  It  is  demonstrated  in  Church's  "  Notes 
on  Hydraulic  Motors,"  and  is  there  shown  to  apply  to  either  pumps 
or  motors  as  long  as  they  act  impulsively.  It  has  not  been  recog- 
nized, however,  as  being  applicable  to  purely  centrifugal  effects  acting 
statically,  as  demonstrated  on  page  482. 

The  demonstrations  of  Equation  /  evidently  apply  to  any  liquid, 
and  to  any  gas  in  which  the  density  may  consistently  be  assumed  as 
unchanged  throughout  the  operations.     (See  page  520.) 

It  has  now  been  made  apparent  that  Equation  I  will  hold,  whether 
or  not  the  section  of  the  channel  between  C  and  B  is  constant,  and 
without  regard  to  the  direction  of  the  discharge;  that  is,  the  dis- 
charge maybe  outward,  inward,  backward,  forward,  upward  or  down- 
ward; that  it  is  true  whether  the  accumulation  of  centrifugal  effect 
appears  as  pressure  alone  or  as  velocity  alone,  or  partly  in  both;  and 
that  it  is  true  for  purely  impulsive  effects  and  for  combined  centrifu- 
gal and  impulsive  effects.  The  formula,  therefore,  is  much  more 
general  than  has  been  supposed  heretofore. 

Absolute  Velocity  of  Discharge. — Having  now  a  formula  for  comput- 
ing the  velocity  of  the  escape  of  water  from  an  opening  in  the  peri- 
meter of  a  wheel,  relative  to  the  wheel,  its  absolute  velocity  can  be 
obtained  from  the  triangle  fixed  by  u,  V,  and  the  included  angle,  fi> 
Fig.  1. 

Thus,  evidently,  in  general, 

t>2  =  F2  +  u2  +  2  «  Fcos.  p (II) 

where  fi  is  the  angle  between  Fand  the  forward  direction  of  u.  Note 
that  when/?  exceeds  90°,  its  cosine  is  minus.  In  particular,  when 
f}  =  90°,  or  the  vanes  arc  radial  at  the  outer  end  and  p  =  pv  then 

v2=  V2  +u2 (///) 

It  is  well,  here,  to  call  attention  to  the  effect  that  the  angle,  /?,  has 
on  v.  Notice  that  u  and  Fare  constant  in  all  the  several  diagrams  of 
Fig.  1,  yet  v  is  very  different  in  the  several  cases.  Now,  if  the  reader 
will  remember  that  the  head  varies  with  the  square  of  the  velocity  he 
will  see  that  the  theoretically  possible  head,  or  lift,  in  Case  (e)  is 
about  six  times  as  great  as  in  Case  (d).     (See  also  page  494.) 

Pressure  Head  in  Discharge  and  Entrance. — The  foregoing  formulas 
for  Fand  v  are  derived  on  the  assumption  that  the  water  is  discharged 
into  a  medium  in  which  the  pressure  is  the  same  as  in  that  from  which 
the  water  entered  the  wheel,  as,  for  instance,  atmospheric  pressure 
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within  the  entrance  and  outside  of  the  wheel.  This,  evidently,  is  not  i 
condition  under  which  centrifugal  pumps  work  ordinarily.  Usually, 
there  is  "  suction  "  inside  the  wheel,  and,  it  is  generally  (erroneously, 
supposed,  a  pressure  nearly  equivalent  to  the  remaining  lift,  oppos-  | 
ing  the  discharge.  Some  relations  involving  this  phase  of  the  subject 
are  as  follows.     Bee  Fig.  2. 


-  cZ. 


£» 


Fig.  3. 

Let  p,  =  pressure  head  at  entrance  of  vanes,  where  velocity  is  h 
Then 


k=Pi  + 


*9 


Let  p  —  pressure  head  in  water  immediately  after  escaping  fc>0 
wheel,  where  velocity  is  v,  that  is,  at  the  joint,  d,  Fig.  2. 

Then  remember  that  whatever  head,  H,  or  lift,  the  wheel  giveeto 
the  water,  it  is  accomplished  while  passing  out  between  the  vanes. 
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Remember,  also,  that  the  total  head  in  the  water  immediately 
after  escaping  from  the  wheel  (that  is  at  the  joint,  d)  must  equal  the 
remaining  lift,  h. 

Heads  above  the  wheel  are  plus,  those  below  are  minus. 

Then, 

by  the  law  of  conservation  of  energy,  or 

fg  =  h~P (/F) 

and 

H=fg  +  P-k- (F) 

If,    in  Equation   IV,  p  =  zero,   or  atmospheric  pressure,   then 

— -  =  h;  and  if  p  =  Jc,  in  quantity  and  in  sign,  then  ^r—  =  H;  which  are 
^  9  &9 

evidently  correct. 

Note  that  p  cannot  equal  h,  as  is  usually  supposed,  for  then  v  would 
be  zero,  and  there  would  be  no  discharge. 

Note  that  the  signs  in  Equations  /Pand  Fare  general,  but  that/? 
and  k  may  be,  in  themselves,  plus  or  minus.  Care  must  be  taken  to 
observe  this,  or  confusion  will  result. 

If  possible,  in  praotice,  px  should  equal  p,  for  then  there  will  be  no 
tendency  to  leak  at  the  joint,  z.     (See  page  496.)  j 

Notice  that  the  pressure,  p,  at  the  joint,  dt  will  extend  throughout 
the  spaces,  n,  n,  between  the  wheel  and  the  casing. 

The  question  now  turns  on  this  unknown  quantity,  p.  That  it  is  a 
factor  we  cannot  ignore,  is  evident,  for  it  affects  the  volume  of  dis- 
charge, and  it  renders  useless  the  formulas  thus  far  given,  unless  it 
can  be  determined  and  controlled.     (See  page  490.) 

The  processes  by  which  Equation  /  is  reached  are  not  applicable 
unless  p  =  pv  and  has  the  same  sign,  but,  fortunately,  the  method 
used  on  page  482  can  be  extended  to  meet  the  present  needs. 

When  there  are  no  guide  vanes  (and  this  will  be  the  common  con- 
dition), the  absolute  velocity  of  approach,  vl9  will  be  radial,  as  at  C, 
Fig.  1.    In  that  case  V\  =  v\  +  u\. 

Inserting  this  in  Equation  If  we  get 

V2  =  v\  +  ut. 
Hence  the  head,  relative  to  the  wheel,  within  itself,  at  the  perimeter, 
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due  to  centrifugal  effects,  independent  of  pressures  before  entering,  is 

v1  u2 

£-*•  -f-  o— .     Now,  if  the  total  head  at  the  entrance  is  k9  the  pressure 

*  9       *  9 

v2 
head  there  will  be  k  —  ^-t  and  the  total  head  within  the  wheel  at  tfce 

*9 
perimeter  is 

Then,  if  the  pressure  outside  is  p,  the  velocity  of  escape  through 
an  orifice  at  the  perimeter  in  any  direction  is 

V*=2g(k  +  ^  -p)  =  «*  +  2g(k-P) (F7, 

Note  that  Jc  and  p  may  be  either  positive  or  negative  in  themselves 
and  in  numerical  calculations  the  proper  sign  must  go  with  them. 
For  instance,  if  they  are  both  negative  (the  common  condition),  their 
signs  will  be  reversed  in  Equations  IV,  Fand  VI. 

In  Equation  VIvre  have  a  formula  for  F(the  relative  velocity)  that 
can  be  used  with  confidence,  provided  we  know  p.  More  on  this  sub- 
ject will  be  found  on  pages  498  to  601. 

From  Equations  II,  V  and  VI  we  can  get 

9  H=  u2  -f  u  V  cos.  /? ( n/i 

or, 

9  H  =  u2,  when  ft  =  90°. 

Which  shows  that  H  is  independent  of  k  and  p.     It  is  interesting 

u2 
to  note  that  -= —  is  usually  stated  to  be  the  maximum  theoretic  lift 
*9 

.  regardless  of  the  angle,  ft  (see  page  490). 

Independent  Derivation  of  Chief  Formulas. — The  following  independ- 
ent demonstrations  are  interesting,  and  will  strengthen  our  confidence 
in  the  conclusions  otherwise  reached. 

If,  in  Fig.  1,  the  vanes  take  up  the  water  from  a  state  of  absolute 
rest  and  discharge  it  at  the  perimeter,  the  whole  work  done  by  the 
wheel  can  be  expressed  in  terms  of  the  reaction  of  the  escaping  water 
on  the  wheel.     This  reaction,  by  well-known  laws  of  hydro-mechanics, 

is ,  and  the  component  opposed  to  the  motion  is coe,  1 

Then  the  work  done  by  the  wheel  in  overcoming  this  reaction  is 

W  v 

cos.  6  u.     Then,  assuming  the  pressure  opposing  the  discharge 
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to  be  the  same  as  before  admission,  the  energy  in  the  water  after 

.     Wv2 
escape  is  -^ —  . 
*9 


Hence, 


Wv1       W 

=  —  u  v  cos. 


or, 


*9         9 


v  =  2  u  cos.  0. 
This  being  true,  a  glance  at  the  trigonometrical  relations  in  Fig.  1 

will  show  that  v  =  w,  and  ©=-£-. 

The  assumption,  that  the  water  is  at  rest  until  caught  up  by  the 
vanes,  is  not  correct  when  the  water  is  passing  through.  To  get  an 
equation  meeting  this  condition  we  have  only  to  remember  that  the 
static  pressures  inside  and  outside  a  wheel,  though  different,  cannot 
directly  aid  or  resist  its  revolution,  and  that,  in  pumps,  we  may 
assume  the  velocity  of  approach,  vlf  to  be  caused  by  the  pump,  and, 
therefore,  its  effect  on  the  wheel  is  not  to  be  considered,  it  being  only 
a  preliminary  incident  to  the  final  discharge.  Hence,  the  work  against 
the  reaction  of  the  discharged  water  will  always  be  the  total  work 
done  by  the  wheel.  Then,  by  the  law  of  the  conservation  of  energy, 
the  following  equation  must  hold: 

Wk+  —  u  cos.  0  =  ^JL2  +  p  W=  Wh (a) 

9  *9 

Hence, 

2  u  v  cos.  6  =  v2  +  2  g  (p  —  k). 

Now,  insert  the  value  of  2  u  v  cos.  0,  from  the  trigonometrical 

relation,  V2  =  u2  +  t>2  —  2uv  cos.  6,  and  the  equation  reduces  to 

V2  =  u*  +  2g  (k-p) (VI) 

which  is  identical  with  Equation  VI,  on  page  488. 

v2 
From  Equation  a  we  have  H  =  —= f-  (p  —  k),  since  11=  h  —  k 

(see  Fig.  2),  and,  by  trigonometry,  v*  =  V2  -f  w2  -j-2  u  V  cos.  fi.     Now 

substitute  this  and  the  value  of  V2  from  Equation  VI  and  we  get 

B==u2+uVcos.ft 

9 
as  on  page  488. 

It  is  remarkable,  and  to  the  writer  quite  unexpected,  that  Equations 
VI  and  VII  show  no  factor  involving  the  radial  depths  of  the  pro- 
pellers, that  is,  the  relation  between  r  and  rx ;  but  careful  considera- 
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tion  of  all  the  conditions  involved  will  make  it  clear  that  such  should 
be  the  case.     On  page  484  the  formula,  V3  =  w2  —  u*l9  may  be  writte 

V2  =  m2  (  1 ~-  j  ,  since  t^  =  — —  u.     Here,  then,  we  find  the  reli- 

tion  between  rl  and  r  involved,  and  the  analysis  there  given  shots 
that  it  must  be;  but,  in  that  case,  there  is,  to  that  point,  assumed  bo 
movement  of  water  through  the  pump.  When  water  flows  into  the 
pump  it  must  be  caught  up  by  the  propellers,  and  the  velocity  sud- 
denly changed  from  vx  to  >/  v2x  -f  u*v  Thus  it  is  seen  that  the  pump 
must  do  work  on  the  water  in  the  act  of  picking  it  np;  and  this  is 
independent  of  the  static  head  (considered  relatively  to  the  wheel 
imparted  between  the  limits  rx  and  r.  Without  adhering  to  a  strict]? 
correct  use  of  mechanical  terms,  perhaps,  we  may  say  that  with  t 
fixed  r  and  u  the  head  imparted  by  the  static  effect  of  centrifugal 
force  decreases  as  r}  increases,  while  the  work  done  by  impact  (or 
reaction)  in  taking  up  the  inflowing  water  increases  with  r,;  the  sue 
of  the  effects  in  imparting  energy  to  the  departing  water  being  con- 
stant when  r,  only  varies. 

Volume  of  Discharge. — Referring  to  Fig.  1,  it  is  seen  that  the  radial 
component  of  Fis  Fsin.  fi  =  v  sin.  G,  hence  the  volume  of  discharge 

is 

Q  =  a  Fsin.  0  =  2  n  r  b  sin.  ft  V. (F///I 

assuming  a  continuous  opening  or  slot,  of  width,  6,  around  the 
perimeter. 

Evidently,  the  entrance  to  the  vanes  or  propellers  must  be  propor- 
tioned to  comply  with 

Q  =  2  n  rx  6,  vx  sin.  (p {/Jl 

vx  sin.  0  is  the  radial  component  of  the  velocity  of  the  water  as  it 
enters  between  the  vanes.  This  will  usually  be  assumed  to  be  betveefi 
10  and  20  ft.  Unless  guide  vanes  are  inserted,  as  at  (A),  Fig.  1,  and 
(b)9  Fig.  15,  the  angle,  <p,  will  be  90°,  and  Equation  IX  will  become 

Q  =  2xrlblvl (/!«• 

Present  Practice,  in  the  Light  of  the  Preceding.  —The  foregoing  discus- 
sion, with  the  resulting  equations,  will  give  light  on  matters  not  here- 
tofore generally  understood  (judging  from  correspondence,  the  con- 
tents of  trade  circulars,  and  the  proportions  of  pumps  as  built).  For 
instance,  it  is  a  common  statement  that  the  theoretic  lift  depends  ool; 
on  the  velocity,  w,  of  the  outer  limit  of  the  propellers,  and  that  tix 

u* 
theoretic  lift  is  — .     Equation  VI  shows  this  to  be  doubly  in  error. 
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True,  after  a  wheel  is  built,  u  is  the  only  variable  affecting  the  lift,  but, 
in  the  intelligent  design  of  a  pump,  the  angle,  /?,  is  an  important  factor. 

Some  writers,  whose  opinions  are  apt  to  be  accepted  without  ques- 
tion, state  that  when  the  propellers  are  curved  backward,  as  in  Fig.  5, 
there  is,  in  addition  to  purely  centrifugal  effects,  an  outward  "  shove," 
or  impulse,  given  to  the  water,  as  it  escapes,  by  the  tips  of  the  pro- 
pellers. In  making  this  claim,  they  probably  forget  that  the  water  is 
revolving  with  the  propellers  before  it  reaches  the  end.  Evidently, 
when  the  water  is  moving  with  the  propeller  no  impulsive  action  can 
occur  between  them.  If  the  outer  few  inches  of  the  propellers  came 
in  contact  with  still  water,  the  effect  claimed  would  occur,  and  the 
result  would  be  an  impulse  pump. 

The  writer  can  find  no  theoretic  reason  for  curving  the  propellers 
backward,  but  rather  the  reverse.     (See  page  485.) 

In  several  published  articles  which  the  writer  has  examined,  prom- 
inence is  given  to  the  test  for  the  effect  of  curvature  of  the  vanes,  the 
test  being  made  by  running  the  pump  without  discharge  and  measur- 
ing the  resulting  pressure  or  head  by  a  gauge  or  stand-pipe,  thus 
getting  the  relation  between  the  peripheral  speed  and  the  head  for 
differently  curved  vanes.*  In  the  light  of  the  discussion  on  page 482, 
this  scheme  is  fallacious,  for,  as  the  propellers,  of  whatever  form, 
revolve,  friction  will  impart  the  motion  o!  the  liquid  to  that  within 
the  inner  limits  of  the  vanes,  and  in  a  few  moments  all  the  liquid, 
from  the  center  out,  will  be  revolving  with  the  vanes.  Then,  as  shown 
previously,  the  pressure  head  at  the  perimeter  will  be 
u2         u*l    __    ul 

since  ux  is  zero.  The  curve  of  the  vanes  would  have  nothing  to  do 
with  it.  Where  a  discharge  occurs,  the  curvature  affects  the  head,  but 
not  otherwise.  That  varying  results  were  actually  gotten,  must  have 
been  due  to  some  circulation  through  the  open  joints,  dand  *,  around 
the  discharge  and  intake. 

Unfortunately,  the  above-mentioned  experiments,  as  misinter- 
preted, have  apparently  verified  the  very  common  uupposition  that 

the  theoretic  lift  of  a  centrifugal  pump  is  -= — .     There  seems  to  be 

almost  universal  confusion  and  error  concerning  this,  and  universal 

neglect  to  consider  correctly  the  pressure  at  the  open  joint,  d.     Correct 

*  Engineering  New*,  August  9th,  1900;  and  Richards'  "  Centrifugal  Pumps,11  p.  87. 
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equations  bearing  on  these  points — Equations  IV  to  VII — have  been 
given,  but,  to  clear  up  the  confusion,  let  us  recall  the  fundamental 
principle  in  hydraulics,  that  "total  head  equals  velocity  head  plus 
pressure  head,"  and  apply  it  to  the  water  passing  the  joint,  d,  after  it 
has  left  the  propellers.     Then,  using  the  notation  elsewhere  applied, 

v2 
the  head  in  the  water  passing  d  is 1-  p,  and,  neglecting  friction. 

*9 

v2 
this  must  equal  the  remaining  lift,  A,  or,  h  =  -5 \-  p. 

Now,  v  is  always  greater  than  u,  except  when  no  discharge  occurs. 

Evidently,  then,  we  cannot  consistently  assume  that  the  lift  above  the 

m2 
pump  is  -~ — ,  and  that  the  pressure  head,  p,  at  the  discharge  is  that 

*9 
due  to  the  same  lift,  for  that  would  be  assuming,  by  the  equation 

above,  that  h  =  2  k  (or  more  when  p  is  less  than  90°). 

Suppose  the  pump  is  revolving  without  discharge,  then  the  equa- 
tion becomes  h  =  -~ |-p,  but,  on  measuring  the  head  in  a  stand-pipe 

*  g 

u2 
we  would  find  it  =  -= — ,  only.     Still,  the  equation  is  correct.     The  ei- 

u2 
planation  is  that  the  velocity  head,  -~ — ,  in  the  water  is  not  trans- 
formed into  pressure  head.  When  a  discharge  occurs  the  water 
passing  out  must  lose  its  velocity,  and,  theoretically,  should  gain  in 
pressure  correspondingly.  This  subject  is  discussed  further  on  page 
501. 

If,  in  Equation  V,  viz.,  k  +  ff=  -= 1-  p  =  h,  we  substitute  the 

value  of  H  from  Equation  VII,  we  have 

i^  +  u  Fcos.  6         v2     ,    . 

*- 9 inr+*- 

Now,  in  centrifugal  pumps,  as  usually  constructed  and  operated,  the 
absolute  velocity,  t>,  is  but  little  greater  than  the  peripheral  velocity. 
u.  Hence,  for  the  purpose  of  illustration,  we  will  assume  u  =  f. 
Then  the  above  equation  becomes: 

u*     ,   u  Fcos.  ft  ,    , 

P-TT  +  —  —  +  *- 

To  show  by  example  what  p  would  be  in  an  ordinary  pump,  assume 
u  =  50,  V=  5,  p  =  120  (or  cos.  p  =  —  0.5),  and  it  =  —  10. 
Then,  by  Equation  VII,  H  =  74,  and  therefore  h  =  64,  and,  by  the 
above  equation,  p  =  25. 
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One  cause  which  adds  to  the  confusion  in  this  matter  is  that  the 
efficiency  of  such  pumps  is  not  far  from  one-half,  thus  making  the 
actual  lift  attained  about  one-half  the  theoretic  lift,  or 

„      u2  +  u  Fcos.  fi 

H= <Tg ' 

instead  of 

„       u2  +  u  Fcos.  ($ 
ri  = . 

9 

It  is  very  important  that  the  pressure,  p,  be  measured  in  any  test, 

for  by  its  aid  we  can  interpret  results  much  more  intelligently  than 

has  been  done  in  the  past.     For  instance:  The  lift,  h,  above  the  pump 

v* 
should  equal  «—+/>*  an<*  the  deficiency  shows  what  is  lost  after  the 

l9 
water  passes  the  joint,  d.    Thus  we  may  determine  where  the  greatest 

loss  occurs. 

Balancing. — The  much-discussed  subject  of  balancing  centrifugal 
pumps  should  be  studied  in  the  light  of  the  preceding  remarks.* 

The  assumption  that  the  pressure  head  under  the  propeller  disk  is 
that  due  to  the  lift  above  the  wheel  is  certainly  wrong.  The  problem 
is  different  in  every  design,  and,  in  any  design,  the  proportions  affect 
the  results. 

The  following  special  case  is  interesting:  The  wheel,  A  A,  Fig.  3, 
revolves  over    the  fixed    plane, 
B  By  with  peripheral  velocity,  u. 
The    space,   C  C,  is  filled  with 
water   which    revolves  with    A, 

and,  by  virtue  of  its  centrifugal      **  ^      8 

force,   exerts  a  pressure   down- 
ward on  B  and  upward  on  A.     What  is  the  force  tending  to  lift  A  ? 

1/  x 

The  head,  at  the  distance,  x,  from  the  axis,  is^— *,  where  ux  =—  u. 

A  g  r 

The  upward  pressure  on  a  ring,  of  radius,  x,  and  radial  width,  d  x,  is 

dp  =  2xxdx  x   Wjr  —«  =  it x6  d  x. 

*  2gr*  gr* 

Integrating  between  x  =  r  and  x  =  0,  we  get 

2     X   W*g 

which  is  half  the  pressure  on  a  circle,  of  radius  r,  due  to  a  head  of 

u2 
^ — .     This  uplift  is  doubled  in  some  designs  proposed  later  herein. 

«9 '        

*  Engineering  New*,  Vol.  88,  p.  75. 
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Form  and  Depth  of  Vanes. — According  to  the  mathematical  analjsifi 
on  page  487,  the  ratio,  — ,  does  not  affect  the  head  under  which  the  pump 

0 

can  work.  Notwithstanding  that,  the  ratio  should  be  selected  with 
care,  in  order  that  the  pump  may  be  otherwise  proportioned  conven- 
iently and  efficiently.  In  the  light  of  the  preceding,  there  are  no 
grounds  for  making  the  outer  radius,  r,  two  or  three  times  the  inner 
radius,  r„  as  seems  to  be  the  common  practice. 

Some  builders  state  that  every  particle  of  water  should  pass  around 
with  the  wheel  at  least  once,  and  most  of  them  accept  that  idea  (judg- 
ing by  the  proportions  of  their  pumps).  This  is  probably  due  to  some 
notion  that  full  centrifugal  effect  is  not  produced  until  the  particle 
has  made  one  revolution  around  the  axis.  The  seriousness  of  this 
error  in  pumps,  as  heretofore  designed,  lies  in  the  fact  that,  in  propor- 
tioning them  accordingly,  the  area  of  the  surface  oyer  which  the  water 
moves  at  a  high  velocity  is  made  much  greater  than  necessary.  While 
there  are  lacking  experimental  data  on  the  friction  of  water  passing 
over  smooth  surfaces  at  such  velocities  as  occur  in  pumps,  such  facto 
as  are  known  point  to  very  serious  loss  due  to  this  cause. 

It  is  the  writer's  opinion  that  the  less  the  radial  depth  of  the  pro- 
pellers the  better;  provided  that  every  particle  of  water  be  brought  to 
one  condition,  as  to  pressure  and  velocity,  before  escaping  from  the 
wheel;  and  that  the  inner  tips  of  the  propellers  (vanes)  be  set  to  part 
the  approaching  water  without  shock.  It  may  be  noted  here  that  if 
the  vanes  be  made  short  it  becomes  impracticable  to  make  fi  much 
less  than  90°,  except  in  the  special  design  shown  in  Fig.  11. 

It  is  evident  that  the  inner  terminus  of  the  vane  is  immaterial,  theo- 
retically, provided  it  has  the  proper  forward  inclination,  as  specified 
above.  The  simplest  construction  is  that  shown  in  Fig.  11,  where  the 
vanes  are  sheared  off  at  their  inner  limits  parallel  to  the  axis  and 
reaching  only  to  the  periphery  of  the  circular  inlet.  If  they  extend 
to  the  center,  as  in  Fig.  6,  the  forward  inclination  of  the  edges  should 
vary  from  nothing  at  the  center  to  the  maximum  at  the  outer  limit  of 
the  inlet. 

Influence  of  Discharge  Passages. — Thus  far,  this  study  has  been 
confined  to  the  means  of  propulsion  and  its  effects  on  the  fluid.  The 
influence  of  the  passage  which  conducts  the  liquid  from  the  perimeter 
of  the  propelling  wheel  to  the  final  straight  discharge  pipe  will  now 


Papers.]      THEORY  OF   CENTRIFUGAL  PUMPS  AND  FANS. 


495 


be  studied.  Here,  conclusions  even  more  interesting  than  in  what  has 
preceded  will  be  found. 

We  can  probably  best  lead  up  to,  and  understand,  this  part  of  the 
subject  by  following  out  the  action  in  a  pump  of  such  proportions  as 
are  known  to  be  common.    Then  modifications  can  be  suggested. 

The  following  data  are  taken  from  a  published  test  of  a  pump 
made  by  one  of  the  best  manufacturers  (unimportant  fractions  being 
•  omitted)  (see  Figs.  4  and  5) : 


section  c-d  of  fio.  4 
Fig.  5. 
8ecti0n  a-b  of  fiq.  5. 
Fig.  4. 

r    ==  4  ins. ; 

r,  =  12  ins. ; 

fi  =  153  degrees;  therefore,  cos.  fi  =  —  0.89; 

u  =  57  ft.  per  second; 

Q  =  3  cu.  ft.  per  second; 

k  =  —  21  ft. ; 

H  =z  35  ft.,  as  measured. 
The  width  of  the  propellers  is  not  given,  but  it  will  be  assumed  to  be 
2  ins.,  which  will  make  the  area  of  the  circular  inlet  just  equal  to  the 
area  of  the  inlet  between  the  propellers,  that  is,  the  water  has  a  con- 
stant velocity  of  8.6  ft.  per  second  as  it  enters  the  wheel  and  passes  in 
between  the  propellers. 

The  angle,  A,  between  Vl  and  u{  is  not  given,  but  it  should  be 
24°  15'  in  order  that  the  water  may  glide  in  without  shock  or  break 
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(see  Fig.  7).  In  such  wheels  it  is  common  to  make  the  propellers  of 
constant  width.  Assuming  this  to  be  so,  the  outlet  area  will  be  three 
times  as  great  as  the  inlet,  and  the  radial  component  of  the  discharge 
velocity,  therefore,  will  be  one-third  of  8.6,  or  nearly  2.9.  Whence, 
from  Fig.  1,  evidently 

F=J^-,  =  6.8. 
sin.  p 

Then,  by  Equation  VII,  remembering  that  cos.  ft  is  minus,  we  get 
11=90.  As  the  recorded  total  lift  was  35  ft.,  this  would  show  an 
efficiency  of  40  per  cent.  This  does  not  agree  with  the  report.  How- 
ever, some  of  the  proportions , have  been  assumed,  and  a  glance  at 
Fig.  5  will  show  the  triangle  involving  V,  u  and  v  in  a  form  unfavor- 
able to  accuracy. 

From  Equation  77,  we  find  v  =  51.  Then,  by  Equation  IV,  we 
have  h  —  p  =  41,  and  since  H  =  h  —  k,  and  A:  =  —  21,  h  must  be  69. 
This  makes  p  =  28. 

The  reader  must  bear  in  mind  that  these  are  the  theoretically  per- 
fect results.  We  know,  from  the  results  of  tests,  that  a  large  part  of 
the  energy  is  lost  somewhere. 

Causes  of  Loss  of  Energy. — Now,  let  us  discover  the  chief  causes  of 
loss  of  energy.  When  understood,  we  may  then  find  means  of  avoid- 
ing, or,  at  least,  reducing  them. 

(a)— The  inner  tips    of  the  vanes  should  point  opposite  to  the 

relative  motion  of  the  incoming  water,  or  tan.  <p  —  ~    ,   where   no 

guide  vanes  are  inserted  (and  this  will,  doubtless,  be  the  common 
practice),  Fig.  7  (a).  To  fulfill  this  condition,  it  is  evident  that  the 
discharge  must  vary  directly  with  the  velocity  of  revolution.  Hair- 
splitting precision  in  this  matter  is  not  essential  nor  practicable,  but  a 
gross  neglect  will  result  in  shock  at  the  point  of  the  vane  and  eddies 
just  behind  it.  In  extreme  cases  of  neglect  of  this  point  a  vacuum 
may  occur  at  about  (c),  Fig.  7,  especially  where  the  suction,  k,  is  large, 
Fig.  6  (b). 

(b)—  From  the  example  above,  we  note  that  the  radial  velocity  at 
the  entrance  between  the  vanes  is  8.6  and  at  the  discharge  2.9,  the 
average  being  5.7,  while  the  outer  tip  of  the  vane  has  a  velocity  of 
57.0.  Under  these  conditions,  the  wheel  makes  a  little  more  than  one 
revolution  while  a  particle  of  water  passes  from  the  inner  to  the  outer 
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limit  of  the  vanes.  During  this  time  the  water  slips  against  the  fixed 
sides  of  the  casing,  a  distance  of  more  than  6  ft.,  with  a  (relative) 
velocity  varying  between  19  and  57  ft.  per  second.  This  is  trne  whether 
the  propellers  be  of  the  open  type,  Fig.  4  (a),  or  the  inclosed  type. 
Fig.  4  (b);  for,  in  the  latter,  the  water  surrounding  the  runner  must 
either  slip,  relative  to  the  runner,  or  relative  to  the  fixed  casing,  or 
both.     This  is  probably  one  of  the  chief  causes  of  loss. 

(c)  —In  the  example  taken  we  found  u  =  57.  Now,  if  we  knew  all 
the  dimensions  we  could  compute  the  mean  velocity  in  the  volute,  R, 
Fig.  5.     It  should  not,  and  does  not  in  practice,  exceed  10  ft. 

Then  we  would  have,  along  the  surface,  E  E\  or  D  E  F,  one  body 
of  water  moving  against  another  with  a  relative  velocity  of  47  ft.  or 
more.  If  the  wheel  is  of  the  "  hollow-arm  "  type,  that  is,  part  of  the 
wheel  is  solid,  as  at  (b),  Fig.  4,  the  last  two  causes  will  be  even  more 
serious.  Here  must  be  another  important  cause  of  loss.  It  is  some- 
times called  the  *'  drag  "  at  the  tip  of  the  propellers.     See  Fig.  4  (a). 

(d) — Lastly:  When  the  section  of  a  flowing  stream  is  suddenly  en- 
larged, as  at  E  E\  some  loss  occurs.* 

We  have  thus  followed  the  water  through  the  wheel,  have  noted 
the  causes  of  loss  of  work,  and  have,  to  some  extent,  indicated  the  de- 
gree of  importance  of  each.  They  are  not  of  a  nature  that  can  be 
analyzed  mathematically,  but  are  none  the  less  real.  It  should  he 
mentioned,  perhaps,  that  these  losses  depend  on  the  construction  (or 
design)  of  the  wheel,  its  speed,  discharge,  etc. 

The  remedies  for  losses  (a)  and  (b)  are  apparent.  That  under  \c) 
can  be  reduced  by  decreasing  the  radial  length  of  the  vanes  and  by 
curving  the  vanes  forward,  thereby  reducing  the  necessary  speed. 
See  page  490. 

Losses  (d)  and  (c)  can  be  avoided  by  means  now  to  be  described. 

The  radical  departure  here  proposed,  in  the  construction  of  centri- 
fugal pumps,  depends  chiefly  on  two  principles,  both  well  known,  but 
neither,  to  the  writer's  knowledge,  having  been  applied  in  this  connec- 
tion.! 

The  discharge  from  the  vessel,  A,  Fig.  8,  will  enter  B  as  long  a* 
the  drop,  h,  is  equal  to  the  losses  by  friction,  etc. ;  and  the  velocity  of 
this  discharge  is  dependent  on  the  head  H.  Thus,  without  increasing 
the  area  of  the  orifice,  a,  or  the  effective  head,  A,  we  can  increase  the 

♦Cyclop.  Brit.,  Vol.  12,  Art.  82.  p  469. 

t  Cyclop.  Brit.,  Vol.  12,  Art.  28.  p.  467,  Fig.  86,  reproduced  here  in  Fig.  8. 
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discharge  indefinitely  by  increasing  H.  Now,  suppose  the  vessel,  £, 
to  be  continuous  around  A,  and  that  both  orifices  are  continuous  an- 
nular slots,  as  in  Fig.  9.  Under  this  condition,  the  vessel,  A,  can  be 
revolved  about  its  vertical  axis  without  interfering  with  the  discharge 
or  its  reception  in  B.  This  hints  at  the  application  of  the  principle 
to  increase  the  flow  from  centrifugal  pumps.  But  a  difficulty  yet 
stands  in  the  way :  If  the  head  in  A  is  due  to  centrifugal  effect,  and  that 
in  B  is  the  resulting  lift,  there  will  be  closely  limited  relations  between 
the  rate  of  revolution,  lift,  etc.,  which,  if  changed,  will  result  either 
in  water  not  entering  B  (when  the  speed  is  too  low),  or  in  air  entering 
with  the  water  (when  the  speed  is  too  high).  To  control  this  better, 
and  for  other  reasons,  apparent  later,  we  will  apply  the  second  princi- 
ple, which  is  that  of  the  Spren- 
gel  Pump,  or  aspirator.  See 
Fig.  10.  The  outwardly-flaring 
nozzle  placed  on  the  vessel,  B, 
will  cause  a  suction  at  its  least 
section  when  the  energy  of  the 
discharge  from  A  is  greater  than 
necessary  to  lift  the  water  in  B, 
or    against    the  required    head.  ^I0*  10. 

This  suction  will  tend  to  exhaust  the  air  from  the  space,  n,  sur- 
rounding the  wheel,  /.  As  the  exhaustion  increases  (or  the  pressure 
head,  p,  drops)  the  discharge  will  increase  until  a  state  of  equilibrium 
is  reached.  Then  the  wheel  will  turn  in  partial  vacuum  instead  of  in 
water,  there  being  no  leakage  of  air  inward  nor  of  water  outward, 
though  a  clear  joint  is  left  between  the  wheel  and  the  receiving  noz- 
zle, m.  The  high  velocity  of  discharge  will  give  an  absolute  direction 
of  discharge  a  little  less  than  45°  outward  from  a  tangent  when  fi  =  90 
degrees.  The  flaring  receiving  nozzle,  m,  will  reduce  this  velocity 
gradually  without  serious  loss  of  energy.  Notice  that  all  "thrash- 
ing" of  water  by  impellers,  and  all  "drag  "  of  rapidly  moving  water 
against  that  which  is  comparatively  still,  are  eliminated. 

Here,  then,  we  have  a  means  of  avoiding  entirely  the  losses  (c),  (d), 
and  (e)  on  page  498.  In  their  place  will  occur  whatever  loss  is  unavoid- 
able in  the  nozzle,  m.  The  writer  knows,  from  tests  made  by  himself, 
that  this .  can  be  reduced  to  15  per  cent.  See  page  518.  In  such  a 
wheel  the  area  of  the  passage  through  the  wheel  should  be  as  large  as 
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convenient,  to  reduce  velocity,  and  thereby  friction  loss,  inside  the 
wheel,  and  to  give  all  particles  time  to  come  to  one  condition  of  press- 
ure and  velocity.  The  contraction  for  the  outlet  should  be  a  sharp 
curve  near  the  periphery.  Note  that  the  only  sliding  friction  of  the 
water  against  the  wheel  occurs  in  the  radial  movement  of  the  water 
relative  to  the  wheel  It  matters  not  how  many  times  the  water  goes 
around  within  the  wheel. 

The  suction  or  minus  head,  p,  in  the  space,  n,  probably  cannot  be 
specified  until  some  further  experimenting  is  done.  (In  some  experi- 
ments of  the  writer  with  straight  nozzles  it  was  nearly  20  ins.  of  mer- 
cury.) 

Fig.  11  presents  the  writer's  idea  of  a  construction  well  suited  to 
secure  the  conditions  desired,  as  pointed  out  in  the  preceding  para- 
graphs. 

The  design  shown  in  Fig.  11  has  the  further  advantage  that  the  re- 
action of  the  discharge  can  support  the  weight  of  the  wheel  partly  or 
entirely.  It  has  also  the  advantage  of  compactness,  and  the  discharg- 
ing and  receiving  nozzles  can  be  more  easily  kept  opposite. 

Starting.— On  page  491  it  is  shown  that  when  a  centrifugal  pump 
is  revolving  without  discharging,  the  greatest  pressure  head  it  can 

u% 
produce  is    — ,  while,  by  Equation  VII,  the  lift,  when  in  operation,  is 
*9 


a  jxult        W2  +  M  FCOS.  fi 

found  to  be  H  = '-. 

9 


Now,  since  the  writer  recommends 


that  cos.  fi  be  always  positive,  or  zero,  it  is  evident  that  a  wheel  cannot 
start  a  discharge  when  under  back  pressure,  from  the  maximum  lift 
under  which  it  can  work  after  being  started.  This  difficulty  is  over- 
come readily  by  putting  a  check-valve  in  the  discharge,  and  between 
that  and  the  pump  a  valved 
branch  through  which  the  dis- 
charge can  be  made  temporarily 
under  low  head.  Then,  when 
the  pump  gets  its  normal  speed 
and  discharge,  the  starting 
valve,  /,  Fig.  12,  can  be  closed 
gradually,  ancl  the  flow  will  be 
directed  into  the  main  pipe. 

In  case  the  greater  part  of  the  total  lift,  if,  is  in  suction,  that  is, 
when  k  is  negative  and  nearly  equal  to  H,  numerically,  the  branch 


Fig.  12 
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pipe  carrying  the  valve,  /,  should  descend  into  the  sump,  or  source 
from  which  the  water  is  taken.     That  this  is  necessary  will  appear 
from  an  examination  of  Equations  FT  and  VII. 
V2  =  u>  +  2g(k-p) 

and 

g  H=u2,  (ft  assumed  90°). 
From  these  we  get 

V*=g(H+2k  —  2p). 
Now,  if  h  is  negative  and  greater  than  half  of  27,  and  p  is  zero  or  any 
positive  quantity,  the  second  member  becomes  negative,  or  V  inde- 
terminate. Evidently,  when  k  is  negative  and  nearly  equal  to  H,  p 
must  also  be  negative  and  greater  than  half  of  H.  The  arrangement 
specified  above  will  insure  these  conditions  at  starting.  After 
starting,  p  can  be  controlled  through  the  cock,  c,  Fig.  11. 

In  Fig.  11,  a  small  tube,  8,  starts  from  within  the  inner  limits  of  the 
vanes  and  extends  out  to  the  discharge.  The  necessity  and  duty  of 
these  tubes  will  be  apparent  from  the  following: 

If  a  vessel  containing  water  and  air  revolves  rapidly,  centrifugal 
force  will  separate  the  two  (independently  of  gravity),  the  lighter  air 
being  forced  to  collect  about  the  axis  of  revolution.  This  will  occur 
should  air  by  any  means  get  into  any  of  the  centrifugal  pumps  pro- 
portioned as  in  Fig.  11  (where  the  outlet  is  very  much  contracted  as 
compared  with  the  area  of  the  passage  through  the  wheel).  The  above 
will  not  hold,  however,  in  a  tube  of  constant  cross-section  leading 
away  from  the  axis  of  revolution  and  open  at  the  outer  end,  as  the 
tube,  s.  On  the  contrary,  there  will  be,  in  such  a  tube,  a  suction 
throughout  its  length  due  to  the  accelerated  outward  velocity  of  what- 
ever water  or  air  may  be  in  the  tube.  This  suction,  being  greatest  at 
the  inner  end  of  the  tube,  will  take  out  all  bubbles  that  would  other- 
wise collect  about  the  center  of  the  wheel  and  interfere  with  the 
action. 

A  close  analogy  to  the  above  principle  may  be  found  in  the  suction 
caused  by  water  flowing  down  an  open  vertical  tube. 

If,  in  practice,  the  suction,  p,  in  the  space,  n,  is  found  greater  than 
k,  the  same  purpose  could  be  accomplished  by  a  Email  hole  in  the 
top  of  the  wheel,  as  at  q,  Fig.  11. 

Method  of  Proportioning. — The   formulas  necessary  in   designing 
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V*  =  u'  +  2g(k-p)    (VI) 

H  =^  +  uFcob./?     

9 

Q  =2jtrb  Fsin.  fi (VIII) 

Q   =2  it  rlblvl  sin.  0 (IX) 

These  mast  be  applied  intelligently  in  order  to  -work  out  the  dimen- 
sions of  the  principal  parts  of  a  pump.  The  fixed  conditions  will 
usually  be  H,  Q  and  k;  p  can  be  assumed  with  practical  accuracy  after 
some  experimenting.  For  reasons  heretofore  given  (pages  488  and  496), 
it  ought  to  be,  and  probably  will  be,  nearly  equal  to  k.  Then,  until 
experiments  give  more  reliable  information,  we  may  assume  p  =  k. 
For  reasons  of  simplicity  and  economy  of  construction,  it  is  probable 
that  the  outer  tip  of  the  propelling  vanes  will  be  made  radial,  that  is, 
f$  =  90  degrees.  For  the  same  reason,  it  is  probable  that  the  guide 
vanes  at  the  entrance  will  be  omitted,  that  is,  <f>  =  90  degrees. 
With  these  simplifications  the  several  formulas  become : 

V2=u>  +  2g(k-p) (VI) 

B=y (Vila) 

Q  =2xrbV ( Villa) 

Q  =  2  it  r,  bx  vv (IXa) 

The  working  out  of  proper  proportions  will  now  seem  simple,  but 
a  difficulty  will  be  found,  in  that  b  will  in  many  cases  be  embarrass- 
ingly small.  This  fact  alone  will  prevent  the  application  of  such 
pumps  where  the  lift  is  great  and  the  quantity  small.  (Modifications 
to  overcome  this  difficulty  are  described  on  page  514. ) 

The  most  rational  order  of  proceeding  will  be  to  assume  a  velocity 
through  the  intake  channel,  vt,  and  also  the  velocity  of  entrance  to 
the  vane,  vv.  These  may  both  be  taken  safely  at  10  ft.  per  second. 
As  soon  as  the  velocity  through  the  intake  is  fixed,  rx  becomes  known, 
from  the  condition,  %  r*x  X  velocity  =  Q,  for  a  single  intake;  or 
2  X  r2!  x  velocity  =  Q,  for  a  double  intake.     We  .can  then  find  bx  from 

Equation  IX.     Next,  assume  — '   between  0.50  and  0.75.      This  will 

fix  r.     u  will  be  found  from  Equation  VII,  V  (relative  velocity),  from 
Equation  VI,  and  b  from  Equation  VIII. 

Before  leaving  the  subject  of  centrifugal  pumps,  attention  should 
be  called  to  the  advantage  of  making  both  the  discharging  and  receiv- 
ing nozzles  detachable.     Then,  with  a  few  standard   sizes  of  wheels 
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and  casings,  nozzles  can  be  attached,  to  meet  any  ordinary  require- 
ments, thus  reducing  the  cost  of  manufacture;  it  is  further  desirable, 
on  account  of  the  liability  of  the  nozzle  to  wear,  especially  if  ihe  water 
is  at  all  gritty. 

Impulse  Pumps. 

The  name  "impulse  pump  "  is  given  by  the  writer  to  that  class  of 
rotary  pumps  in  which  the  energy  is  imparted  to  the  water  by  im- 
pulsive action.  They  must  be  placed  in  a  class  by  themselves,  for, 
though  resembling  centrifugal  pumps  in  some  points  of  construc- 
tion and  in  their  mathematical  formulas,  they  are  quite  different  is 
principle,  and  present  another  set  of  problems  for  solution.  It  is  some- 
times said  that  such  pumps  are  the  reverse  of  the  impulse  water-wheel 
That  is  true,  as  to  principle,  but  an  impulse  water-wheel  turned  back- 
ward would  not  make  a  pump. 

To  show  that  the  action  is  independent  of  centrifugal  force,  sup- 
pose the  vanes,  W  W>  Figs.  13  and  14,  to  move  forward  in  a  straight 
line.  Then  there  could  be  no  centrifugal  force,  and  yet  the  water 
would  be  caught  up  and  thrown  out  at  the  upper  edge  with  a  velocity, 
v,  as  shown  in  the  figures. 

In  practice,  the  vanes  must  be  placed  on  the  periphery  of  a  wheel. 
Fig.  15,  and,  if  the  discharge  is  outward,  it  is  apt  to  be  mistaken  for 
a  centrifugal  pump.  In  fact,  in  that  case,  there  will  unavoidably  be 
some  centrifugal  effect;  but,  if  proportioned  to  get  the  best  results 
from  impulsive  effect,  the  centrifugal  effect  will  be  relatively  small 
If  the  vanes  are  set  to  move  the  water  parallel  to  the  axis,  as  in  fig. 
16,  there  can  be  no  centrifugal  effects.  The  vanes  may  even  be  set  to 
throw  the  water  inward  toward  the  axis. 

Careful  attention  should  be  given  to  the  following  distinctive  con- 
ditions in  purely  impulse  pumps,  viz. :  There  should  be  no  change  of 
pressure  in  the  fluid  as  it  passes  out  between  the  vanes,  the  energy 
imparted  to  the  fluid  appearing  as  increase  of  velocity  alone.  That 
this  is  true  will  appear  on  inspection  of  Fig.  13  (b),  where  the  vane  is 
only  partly  filled,  the  water  being  under  atmospheric  pressure 
throughout;  yet  as  much  energy  will  be  imparted  to  the  water  in  Case 
(b)  as  when  the  space  between  the  vanes  is  filled.  To  meet  this  condi- 
tion requires  that  the  area  of  the  passage  between  the  vanes  be  pro- 
portioned carefully  throughout.     This  is  not  necessary  in  centrifugal 
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pumps.     It  may  be  said  here  that  purely  centrifugal  pumps  are  not 
likely  to  be  attempted  in  practice.     (See  page  510.) 

Formulas  Relating  to  Impulse  Pumps. — Consider  first  the  general 
case  of  an  outward-flow  pump  with  guide  vane,  Fig.  15  (b).  Then, 
using  the  symbols  heretofore  applied  to  centrifugal  pumps,  we  hare 

at  the  entrance 

V2l  =  v\  +  u\  +  2  w,  t?j  cos.  0 (X) 

Equation  I  applies  to  this  case.     Hence 

V2  =  F*!  +  u2  —  u\ {!) 


SECTION  AB 
OF  F1<L  16. 

Fig.  17 


PARALLEL-FLOW  IMPULSE  PUMP. 

Fig.  16 

and  at  the  discharge  we  have,  as  in  centrifugal  pumps, 

v2  =  V2  +  u2  +  2  w  Fcos.  fi (//) 

These  formulas  are  general,  from  a  theoretic  point  of  view.    The? 

v2 
show  that  to  get  the  greatest  lift,  ~— ,  with  a  fixed  u  and  vlt  the  angles, 

<p  and  fi,  should  be  as  small  as  possible;  but,  from  a  more  practical 
point  of  view,  there  are  sharp  limitations  to  this.     Notice  that  the      f 
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length  of  the  vanes  is  not  involved  in  the  foregoing  formulas.  Re- 
member, also,  that  to  reduce  friction  losses,  the  surface  over  which  the 
water  passes  at  a  high  velocity  should  ^e  the  least  possible,  consistent 
with  other  requirements.  For  this  reason  it  will  probably  be  found 
best  to  make  the  vanes  short,  even  at  the  sacrifice  of  some  of  the 
curvature.  Furthermore,  the  construction  will  be  simplified  and 
cheapened  by  omitting  the  guide  vanes,  g,  g.  Then  <p  becomes  90  de- 
grees. For  similar  reasons,  ft  will  usually  be  90  degrees.  Under 
these  conditions,  substituting  from  Equations  Xand  I,  since  cos.  <p 
and  cos.  ft  are  both  zero,  Equation  II  becomes 

v*  =  2u2  +  v\ (XI) 

The  same  reasoning  and  the  same  formulas  will  apply  where  the 
flow  is  parallel  to  the  axis,  as  in  Fig.  16.  In  this  case,  ux  =  w,  and 
therefore  Vx  =  V.     This  is  also  evident  on  inspection. 

By  the  law  of  hydraulics,  that  velocity  head  plus  pressure  head  = 
total  head :  ' 

*  +  fe  =  * (X//>- 

Notice  that  p  reaches  the  entrance  vanes,  for  there  is  no  change  of 
pressure;  and,  since  the  head,  if,  must  be  imparted  to  the  water 
while  it  passes  between  the  vanes,  we  have,  by  the  law  of  conserva- 
tion of  energy,  neglecting  the  velocity  in  the  discharge  main, 

k  +  H  =  fg  +  P  =  h; 
then,  taking  the  equivalent  of  A:  —  p  from  Equation  XII, 

*-£-(*-*> -^ <™> 

In  this  case  fc  can  never  equal  jt>,  for,  if  it  did,  vx  would  be  zero, 
and  no  work  would  be  done. 

Remember  that  when/?  and  k  represent  suction  they  are  in  them- 
selves minus,  independently  of  the  signs  of  the  equation. 

If  in  Equation  XIII,  which  is  general,  we  substitute  the  special 
value  of  v2  from  Equation  XI  we  get 

u2=  gH (XIV) 

Notice  that  Equations  Xfand  XIII  should  not  be  applied  except 
under  the  conditions  specified  in  deriving  Equation  XI.  These  con- 
ditions, however,  will  be  common  ones  in  practice. 

Suction  Head  in  Air- Chamber. — On  page  504  it  is  stated  that  the 
pressure  should  not  change  while  the  water  is  passing  out  between 
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the  vanes.     The  pressure  which  actually  exists  isp;  that  fixed  by  the 

suction  in  the  throat,  m.     (The  remarks  on  page  498  apply  in  this  case 

as  well  as  in  centrifugal  pumps.)    In  this  case  the  pressure,  p>  reaches 

the  entrance  to  the  vanes,  and,  by  Equation  XII,  vx  depends  on  p;  k 

v2 
being  assumed  as  fixed.     Theoretically,  p  =  h  —  ^—  (neglecting  frie- 

tion  and  velocity  in  the  discharge  pipe).  If,  in  this  case,  we  substitute 
the  value  of  v2  from  Equation  XI,  and  then  the  value  of  v\  from 
Equation  XIII,  we  get 

u2  =  g  (k  +  k  —  2/>) {XT} 

If  Equations  XTTand  XFare  found  to  be  inconsistent,  the  former 
should  have  precedence.  Notice  that  p  does  not  affect  the  lift,  B, 
but  does  affect  the  discharge  by  its  influence  on  v{. 

It  appears,  then,  that  until  we  have  some  experimental  data  con- 
cerning p,  the  discharge  of  such  pumps  cannot  be  predicted  accu- 
rately. .Equations  VI,  VII,  VIII and  IX apply  also  to  impulse  pumps. 

Areas  of  Passage  Between  Vanes, — Theoretically,  we  would  get  the 
same  impulsive  effect  if  the  space  between  the  vanes  were  only  partly 
filled,  as  in  Fig.  13  (b) ;  but,  to  avoid  all  possibility  of  spraying,  shocks, 
or  sudden  change  of  velocity,  it  is  necessary  that  the  water  occupy  the 
whole  volume  of  the  interior  of  the  wheel,  and  issue  therefrom  in  one 
unbroken  sheet  of  uniform  velocity  around  the  circumference.  In 
order  that  this  condition  be  satisfied,  and  also  that  there  be  no  change 
of  pressure  in  the  passage,  it  is  necessary  that  the  areas  be  propor- 
tioned carefully.  Using  the  same  symbols,  and  assuming  that  there 
are  guide  vanes  at  the  entrance,  in  Fig.  14  (b),  we  have,  since  vl  sin.  0 
is  the  radial  component  of  the  velocity  at  the  entrance, 

t?,  sin.  «/>x2jrrli1=g (IX) 

Whence  we  get  bv  Similarly,  at  the  exit  we  have  for  the  radial  com- 
ponent: Vsin.  ft,  or  v  sin.  S. 

Hence, 

V  sin.  ft  X  2  n  r  b  =  Q ( 17/7 1 

Whence  we  get  b. 

Evidently,  in  these,  we  assume  that  the  vanes  begin  and  end  in  ft 
knife-edge.  At  any  intermediate  section  of  the  passage  the  thickness 
of  the  vanes  must  be  considered.  The  relative  velocity  at  any  inter- 
mediate section  can  be  found  by  Equation  I,  viz., 
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outward-flow  impulse  pump. 
Fig.  18. 
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and  the  radial  component  is  always 

Ra=  Vasin./3a; 
and 

Ra(2xra-nt)ba  =  Q. 
Whence  ba. 

The  subscript,  a,  indicates  the  intermediate  section;  n  =  number 
of  vanes  in  the  pump,  and  /  =  thickness  of  the  vane  at  the  point,  a. 
This  refinement  need  never  be  applied  in  practice. 

There  is  no  apparent  mechanical  principle,  or  practical  difficulty, 
that  would  prevent  the  combination  of  centrifugal'  and  impulse 
effects.  In  that  case  the  areas  of  the  passageway  need  not  be  propor- 
tioned as  carefully ;  but,  on  the  other  hand,  since  the  pressures  at  the 
entrance  and  the  discharge  to  the  vanes  would  no  longer  necessarily 
be  equal,  the  wheel,  disk,  or  web,  should  be  made  solid,  and  air 
admitted  to  the  opposite  sides  by  separate  tubes,  as  at  t  and  <,,  in  Fig. 
16;  otherwise  the  web  of  the  wheel  can  be  perforated  as  at  q9  in  Fig. 
18,  and  the  pipe,  tif  omitted. 

Proportioning. — For  convenience,  the  necessary  general  fomiult* 
for  designing  impulse  pumps  are  here  reprinted: 

F*1=    v\  +  u\  +  2  VX  tt!  COS.  0 (X) 

F2=    V\  +  u%  —  u\ (/i 

v*=    V*  +  u2+2u  Vcos.0 (II) 

H-t^r1 ■. (XW) 

Q  =  2  n  rlbl  v{  sin.  <p (IX) 

Q  =2nrb  Fsin.  p (VIII) 

In  parallel-flow  pumps,  r,  must  be  taken  as  the  radius  to  the 
center  line  of  the  inlet,  and  r  that  to  the  center  line  of  the  outlet  to 
the  vanes,  and  bx  and  b  are  the  widths  of  the  vanes,  radially,  at  the 
inlet  and  outlet,  respectively.     See  Fig.  16. 
"When  <p  and  fi  are  both  90  degrees: 

t>2  =  2w2  +  v\ (XI) 

u*  =  gH=*^    (*m 

Q  =  2  n  rx  \  vx (/la) 

Q  =  2nrbV (VlIIn\ 

The  order  of  proceeding,  to  get  the  chief  dimensions  of  an  out- 
ward-flow impulse  pump,  would  be  about  as  follows:  Q  and  H  being 
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given,  k  will  be  determined  by  considerations  of  convenience.  The 
diameter  of  the  entrance  to  the  wheel  will  be  fixed  by  the  permissible 
velocity  at  the  entrance,  which  may  be  10  ft.  or  less;  say  vz.  Then 
it  r*zvz=  Q,  if  the  inlet  is  on  one  side  only,  or  2  it  rz  vz  =  Q,  if  on 
both  sides.  Thence,  rz.  Then  r{  of  the  equations  for  the  outward- 
flow  pump  should  be  a  little  greater  than  rz,  in  order  to  provide  a 
short  curved  approach  to  the  vanes. 

Next,  we  must  decide  on  vv  This  depends  on  p,  which  is  a  matter 
of  some  uncertainty  until  some  experimental  data  are  collected.  See 
page  508.  For  the  present  discussion  vx  will  be  assumed  as  deter- 
mined.    Then  bx  is  obtained  from  Equations  IX  or  IXa. 

The  outer  radius,  r,  may  be  fixed  by  considerations  of  convenience 
of  construction,  and  whatever  light  experience  throws  on  the  subject. 
Undoubtedly,  the  vanes  should  be  as  short  as  possible,  consistent 
with  other  necessary  conditions.  When  a  length  of  vane  is  thus  fixed 
the  next  step  should  be  to  find  a  corresponding  value  of  u  that  will 
give  the  necessary  head.  Unfortunately,  the  direct  determination  of 
u  from  Equations  X,  I,  //and  XIII,  when  H,  v,  ft,  and  <p  are  given, 
is  a  difficult  problem.  For  a  single  computation  it  would  be  easier 
to  assume  values  of  u  and  compute  H,  until,  by  trial,  a  sufficiently 
close  value  of  u  is  found.  If  much  work  of  this  kind  has  to  be  done, 
tables  should  be  prepared  showing  the  relations  between  u  and  H  for 
such  values  of  ft  and  <p  as  may  be  put  in  common  use. 

When  u  is  determined,  Fcan  be  obtained  from  Equations  Xemd 
It  and  then  b  can  be  found  from  Equation  VIII. 

Should  it  be  determined  to  make  the  pump  without  guides,  and  to 
make  ft  =  90°,  then  special  Equations  XI,  XIV,  IXa  and  Villa 
enable  us  to  proceed  directly. 

The  fixed  vanes,  e,  are  to  stop  the  revolution  of  the  water  and 
direct  it  along  the  discharge  pipe.     Three  such  vanes  should  suffice. 

The  reaction,  R,  parallel  to  the  axis,  due  to  the  discharge  of  the 

water  from  the  wheel,  will  be,  from  the  well-known  laws  of  reaction: 

WV      10  x  62.5  x  58        ,  to_ 

or --0_ — : =  1130,nearlv. 

9  32 

In  the  method  by  which  Equation  /  is  obtained  for  impulse  pumps 

and  motors,  the  analysis  follows  a  single  particle.     This,  of  course,  is 

not  the  actual  condition,  and  the  writer  suspects  that,  in  impulse 

pumps,  and  water-motors  especially,  the  difference  between  the  actual 
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aid  assumed  conditions  leads  to  serious  errors.  To  explain:  Suppose 
the  vane,  d  ef,  Fig.  20,  to  move  with  the 
velocity,  u;  our  analysis  assumes  only  one 
thin  lamina  of  particles  following  the  sur- 
face of  the  vane,  but,  in  practice,  there 
would  be  a  considerable  depth  normal  to 
the  vane,  and  each  lamina  is  deflected  by 
pressure  (or  reaction)  from  the  next  one 
beneath.  Thus  the  lamina  against  the  vane  must  be  under  greater 
pressure  than  the  outer  one,  and  where  the  water  reaches  the  discharge 
line,  d  a,  that  at  d  will  escape  with  greater  velocity  than  that  at  a. 

It  appears  that  the  above  circumstance  will  make  our  formulas  for 
impulse  pumps  unreliable,  and  it  must  also  reduce  the  efficiency  seri- 
ously, for  there  must  be  considerable  loss  by  friction  when  the  laminae 
of  water  move  with  high  and  low  velocities  side  by  side. 

The  best  remedy  the  writer  can  suggest  is  to  increase  the  number 
of  vanes,  to  divide  the  water  into  thin  laminae,  until  the  advantage 
thus  gained  is  lost  by  increase  of  surface  friction.  Further  discussion 
on  this  point  will  be  found  on  page  517. 

The  foregoing  discussion   will  not  apply  to  centrifugal  pumps, 
properly  so  called,  for  there  the  area  of  passage  should  be  so  large 
that,   by  thus   reducing    the 
velocity,     all     the    liquid    is      y— ^T  Z? 
brought  to  one  condition  as  * 

to  pressure  and  velocity  be- 
fore escaping.     See  page  494. 

Fig.  21  shows  diagram  mat- 
ically  what  Mr.  J.  Richards 
calls  an  impulse  pump.  The 
writer  is  unable  to  see  in  it 
any  advantage  justifying  its 
existence,  but  rather  the  con- 
trary. One  extraordinary  con- 
dition in  this  design  is  that 
the  flow  between  the  propel- 
lers is  not  continuous.  A 
glance  at  the  figure  will  show 
that  the  discharge,  during  the 
instant  in   which  any  two  propellers  occupy   the  positions,  a  e  and 
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bf,  is  limited  to  the  channel,  a  b-ef,  and  the  velocity  through  a  b  must 
be  high.  The  next  instant,  when  e  passes  /,  the  outward  motion 
of  the  water  in  e  abf  must  be  stopped,  and,  in  the  same  time,  that 
inhgae  must  be  given  the  outward  motion.  It  is,  indeed,  a  thing  of 
impulses.  Surely  such  conditions  are  not  favorable  to  smooth  working 
and  high  efficiency. 

Empirical  Coefficients. — In  all  that  has  preceded,  perfect  efficiencies 
have  been  assumed,  in  order  to  present  the  underlying  principle 
clearly.  Every  reader  knows  that  results  computed  by  the  various 
formulas  cannot  be  realized  in  full.  Experience  alone  can  supply  the 
coefficients  necessary  to  make  them  sufficiently  correct  for  practice. 
Until  some  experiments  are  available  the  following  may  give  some 
light  on  this  matter: 

After  a  wheel  is  built,  as  the  lift  depends  only  on  the  peripheral 
velocity,  w,  by  computing  u  for  a  head  greater  than  that  specified, 
allowance  can  be  made  for  imperfect  efficiency.     For  instance,  if  the 

4 
efficiency  in  lift  is  known  to  be  75%,  and  u  is  computed  for  -^  H,  we 

o 

will  get  the  head  required. 

In  the  matter  of  discharge,  it  is  known  that  the  coefficient  of  dis- 
charge from  well-rounded  nozzles  is  very  nearly  unity.  Hence,  it  is 
probable  that  the  equation  for  fixing  the  dimensions  of  the  passage 
will  give  results  which  are  nearly  correct  when  the  approaches  are 
rounded  properly. 

Practical  Limitations. — A  little  inspection  of  the  equations,  and  the 
solution  of  a  few  numerical  examples,  will  reveal  the  unfortunate  fact 
that  these  pumps,  either  centrifugal  or  impulse,  in  which  the  pressure 
in  the  air-chamber  is  below  that  of  the  atmosphere,  are  not  applicable 
when  the  quantity  of  water  to  be  pumped  is  small,  while  the  head  is 
high;  the  reason  being  that  the  width  of  the  peripheral  discharge  slot 
becomes  impracticably  small.  Just  where  this  limit  will  be  drawn  in  ' 
practice  the  writer  will  not  undertake  to  say.     See  page  514. 

Example. — Proportion  a  pump  to  lift  20  cu.  ft.  per  second  through 
10  ft. 

Let  the  entering  velocity  to  the  wheel,  vx  =  15  ft.,  and  to  the  vanes, 
vx  =  10  ft. ;  then  the  area  of  the  circular  entrance  must  be  1.33  sq.  ft., 
or  the  diameter  nearly  15J  ins. 

Now,  if  we  make  ^  =  9  ins.,  it  will  give  1  J, ins.  for  curving  the 
approach  to  the  vanes.     Then,  by  Equation  IX,  bx  is  found  to  be 
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nearly  5  ins.  If  ten  vanes  are  put  in  they  will  be  nearly  5J  ins.  apart 
at  the  entrance.  If  they  are  made  4  ins.  deep,  radially,  r  becomes 
13  ins.  Then,  by  Equation  Vila,  it  is  found  that  u*  =  320,  or  u  should 
be  about  18  ft.  per  second,  or  about  2.6  revolutions  per  second.  From 
Equation  VI  (assuming  k  =  p),  F=18,  nearly,  and  from  Equation  Villa. 
b  =0.2  ft.,  or  nearly  2 J  ins. 

Evidently,  then,  such  a  pump  would  pass  any  solid  in  which  the 
greatest  dimension  does  not  exceed  2J  ins.  It  may  be  worth  while  to 
notice  that,  should  any  solid,  too  large  to  pass,  get  into  the  pump,  it 
will  cause  no  break  nor  even  a  grinding .  on  any  surface,  but  will 
merely  lodge  in  the  wheel  and  turn  with  it. 

It  is  stated,  on  pag  e  503,  that  in  proportioning  pumps  to  work  as 
there  assumed,  the  width,  b,  of  the  annular  discharge  slot  would  some- 
times be  found  impracticably  small;  and,  for  that  reason  alone,  the 
scheme  could  not  be  applied  in  cases  where  the  quantity  required  is 
small  and  the  lift  great,  as  compared  with  conditions  under  which 
centrifugal  pumps  usually  work.  This  difficulty  can  be  overcome  by 
devices  now  to  be  described. 

The  chief  purpose  now  in  view  is  to  surround  the  propelling  wheel 
with  air  at  a  pressure  above  that  of  the  atmosphere,  so  that  the  neces- 
sary conditions, 

v2 
may  be  fulfilled  when  7l-  is  less  than  k.     Or,  in  other  words,  so  that 

9 
the  velocity  of  discharge,  v,  can  be  reduced  and  the  discharge  area, 

2  it  rb  sin.  /S,  be  increased  accordingly. 

For  accomplishing  this  purpose,  Fig.  22  shows  a  scheme  which  has 
some  additional  points  of  advantage.  In  this,  the  air  in  the  chamber* 
nt  is  not  taken  directly  from  the  atmosphere,  as  in  the  previous  prop- 
.  ositions,  Fig.  11.  It  is  first  taken  into  the  intake  or  suction  pipe,  Q9 
through  a  cock  c ,  (or,  if  the  water  is  naturally  gaseous,  cs  may  be  closed 
or  omitted).  The  air  then  passes  through  the  pump  as  entangled 
bubbles,  and  is  drawn  out  of  the  discharge  pipe  wherever  most  con- 
venient, and  permitted  to  enter  the  chamber,  n,  through  the  pipe,  £, 
the  rate  of  passage  being  controlled  by  a  cock,  Cg. 

That  the  above  described  action  can  be  obtained  will  be  apparent 
from  the  following: 

The  pressure  of  the  air  in  the  discharge  pipe  will  be  that  due  to  the 
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DEVELOPMENT  OF  INTAKE  VANE8,  ON  C-D. 

Fig.  23 


^ 


r:^9/ 


DEVELOPMENT  OF  FIXED  VANE8,  Qy  ON  A-B. 

Fig.  24 
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remaining  lift,  h,  while  that  in  the  chamber,  n,  must  be  the  same  as 
the  pressure  in  the  water  as  it  passes  the  open  joint,  <L  Now,  by 
well-known  laws  of  hydraulics,  the  pressure  at  the  joint,  d,  where  the 
velocity  is  high  (v2  =  V2  -f-  u'  +  2  u  Fcos.  ($),  cannot  be  as  great  as 
that  in  the  discharge  pipe  where  the  velocity  is  low  (the  slight  difference 
of  elevation  being  neglected).  Hence  there  will  be  a  tendency  for  the 
fluid  to  flow  through  the  pipe,  8,  and  the  cock,  c3,  into  n.  The  pipe,  & 
of  course,  should  tap  the  discharge  pipe  at  a  point  where  the  air  tends 
to  collect.  A  very  small  stream  of  air  entering  c,  will  suffice,  for  all 
that  is  necessary  is  to  replace  the  leakage  of  air  through  the  stuffing- 
box.  The  circulation  can  be  controlled  by  adjusting  the  cocks,  g,  and 
c.y.  Any  surplus  of  air  will  pass  off  through  the  discharge  pipe.  The 
water  gauge,  Wt  will  show  whether  or  not  the  chamber,  w,  is  free  of 
water.  The  pressure  gauge,  a,  is  not  essential,  but  should  always  be 
attached,  as  it  gives  valuable  information. 

The  advantage  of  this  scheme,  as  announced  at  the  outset,  is  that 
the  width,  6,  or  E  Jot  Fig.  22,  is  not  restricted;  but,  where  high  effi- 
ciency is  the  object,  the  fixed  deflecting  vanes,  g  g  (Fig.  24),  should  be 
inserted  to  turn  the  water  downward,  thus  stopping  its  revolution  and 
checking  its  velocity  accordingly,  as  soon  as  it  leaves  the  propeller 
(more  fully  explained  later).  This  will  prevent  what  might  be  serious 
loss  due  to  fluid  friction. 

In  this  design  the  propeller  varies,  W  W,  extend  to  the  center 
(though  this  is  not  essential).  By  this  means,  it  is  believed,  the 
water  will  be  taken  up  with  less  shock,  and  can  be  brought  to  a  state 
of  steady  rotation  before  discharge,  with  more  certainty  and  with 
fewer  propelling  vaaes.  With  this  intention,  the  designer  should  see 
that  the  vane  everywhere  parts  the  approaching  water  without  conflict. 
To  meet  this  condition  the  vanes  should  be  vertical  at  the  center  and 
have  a  gradually  increasing  forward  pitch  at  the  lower  edge  as  the 
distance  from  the  center  increases. 

Notice  that  there  is  no  tendency  for  the  water  to  flow  back  through 
the  joint,  E  F,  for  the  water  at  F  is  already  under  centrifugal  force, 
and  hence  there  is  as  much  tendency  for  the  water  to  flow  out  through 
F  E  as  to  flow  back. 

The  design,  Fig.  22,  is  the  writer's  study,  to  combine,  in  the  highest 
degree,  compactness,  simplicity  of  castings,  and  efficiency.  Some 
other  desigos  embodying  the  chief  features  are  shown  in  Figs.  30 
and  32. 
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When  this  style  of  pump  is  to  be  applied  in  dredging,  the  deflect- 
ing vanes,  g  g,  should  be  omitted,  the  propelling  vanes,  VT,  made  few 
and  strong,  and  the  receiving  chamber,  R,  be  made  a  "  volute,"  that 
is,  the  area  of  R  should  increase  progressively  in  the  direction  of 
revolution,  and  the  water  in  it  should  move  in  the  direction  of  revolu- 
tion only.  Thus  modified,  there  is  no  apparent  reason  why  it  should 
not  give  excellent  results  as  a  dredge  pump.  Note  that  grit  cannot 
get  to  the  bearings,  and  that  the  area  of  discharge  is  unrestricted. 

Concerning  the  pressure,  p,  in  the  chamber,  n,  the  following  may 
be  interesting:  > 

A  necessary  relation  is  -^ \-  p  =  h. 

Doubtless,  such  pumps  will  usually  be  made  with  the  outer  tips 
of  the  propelling  vanes  perpendicular  to  the  direction  of  motion 
(ft  =  90°);  then  v2  =  V1  +  w2.     Substituting,  we  get 

-g+2g+*  =  h' 

Now,  the  object  of  this  design  is  to  make  V  small,  and  it  should  be 

yi 
less  than  8  ft.     On  this  assumption,  — —  will  be  less  than*  one.  Hence, 

*9 

for  the  present  purpose,  it  may  be  neglected.     Remember,  also,  that 

•» 

=  H.     (See  pages  487  and  488.     Substituting  this,  the  relation  be- 

rr 
comes  p  =  h ~-  ,  approximately. 

Theoretically,  the  equations  derived  heretofore  will  apply  to  this 
design;  but,  practically,  they  are  of  little  value  (except  the  relation, 
u2  =  g  £?),  for  in  this  case  a  convenient  value  for  V  (4  to  8  ft.  per 
second)  can  be  assumed,  and  the  parts  proportioned  consistently. 

That  the  assumed  Fmay  be  realized,  the  actual  effective  lift  must 
be  something  less  than  the  maximum  theoretic  lift,  H,  reduced  by 
whatever  friction  losses  occur  beyond  the  open  joint,  d.  This  is  a 
matter  that  cannot  be  formulated.  Experience  alone  can  give  light 
upon  it. 

Relation  of  Vanes  to  Each  Other. — In  the  preceding  discussions  it 
has  been  pointed  out  repeatedly  that  the  edges  of  the  vanes  should  be 
set  so  that  the  passing  water  will  be  parted  without  shock  or  "  eddies," 
that  is,  they  should  be  in  the  plane  of  relative  motion.  We  have  now 
to  consider  the  best  relation  of  one  vane  to  the  next. 
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It  has  also  been  pointed  out  that  the  common  forms  of  centrifugal 
pumps  lose,  by  "drag"  at  the  tips  of  the  propellers,  most  of  the 
energy  due  to  velocity  ("  kinetic  "  energy),  and  that  this  is  just  half 
of  the  energy  in  the  water.  It  is  therefore  well  to  give  some  study  to 
a  meaus  of  better  utilizing  this  kinetic  energy. 

The  writer  proposes  that  the  vanes  should  be  so  related  as  to  form 
flaring  nozzles,  of  the  best  possible  form  consistent  with  other  essen- 
tial conditions  of  construction,  and  this  should  be  done  both  in  the  start- 
ing or  intake  vanes  and  in  the  fixed  deflecting  vanes  at  the  discharge. 

In  support  of  this  opinion,  attention  may  be  called  to  the  fact,  well 
established  by  experimental  hydraulics,  that  the  efficiency  of  a  prop- 
erly proportioned  discharge  nozzle  (water  flowing  toward  the  contrac- 
tion) is  about  98%,  and,  while  recorded  experiments  on  receiving 
nozzles  (water  flowing  away  from  contraction)  are  not  as  numerous  or 
varied,  it  is  rational  to  presume  that  the  action  can  be  reversed,  in 
correctly  designed  nozzles,  without  serious  loss.* 

Figs.  23  and  24  show  vanes  designed  to  act  as  receiving  nozzles  to 
go  in  the  pump  shown  in  Fig.  22.  Note  that  the  inclination  of  the 
vanes  on  the  side  from  which  the  water  approaches  is  such  that  the 
motion  of  the  water  is  not  affected  until  it  enters  the  nozzle,  e.  For 
instance,  in  Fig.  23,  which  shows  the  conditions  at  the  entrance,  the 
water  has  only  a  low  vertical  velocity,  which  continues  undisturbed  as 
it  rises  under  the  helicoidal  surface  of  the  vane  until  it  is  struck  and 
taken  in  by  the  orifice,  e;  then,  being  in  the  revolving  nozzle,  that  is. 
between  the  vanes,  it  must  take  the  revolving  motion  quickly.  Here, 
the  nozzle  moves  against  nearly  still  water,  while,  at  the  discharge, 
Fig.  24,  the  water  moves  against  fixed  nozzles.  The  relative  action  is 
similar  in  the  two  cases. 


water  was  lost  in  the  tube,  but  there 
is  nothing  irrational  or  discouraging 
about  it  when  we  are  reminded  that 


the  absolute  loss  due  to  friction  is      %  *vV 


I J  ^     0.457  aq.in.- 


independent  of  pressure.  Hence  if 
there  had  been  100  ft.  of  head  on  the 
nozzle,  instead  of  1  or  2  ft.,  with  the 
same  velocity,  the  percentage  of  loss 
would  have  "been  small.  To  satisfy 
himself  on  this  question,  the  writer 

Srepared  the  apparatus  shown  in  Fig. 
5  and  tested  the  efficiency  of  the  com- 
bination under  various  conditions. 

The  records  of  two  typical  cases  are  as  follows: 
*       "  at  (7,  = 


1. —pressure  head  at  (7,  =  167  ft.;  at  G,  =  0.0;  at  G3  =  188.    Efficiency  =  88.5V 

"  Ql  =  149  •'  ;    "  Q%  =  -28;  "  Gs  =  117.  '•  =  78.5* 


ft.  per 


In  the  first  the  velocity  at  the  throat  was  approximately  103,  and  in  the  second.  1<* 
>er  second.    Doubtless,  for  less  extreme  cases,  higher  efficiencies  can  be  obtained. 


Papers.]       THEORY  OF  CENTRIFUGAL  PUMPS  AND  FAN8.  519 

In  this  design  the  discharge  will  vary  with  the  velocity  (rate  of 
revolution);  then,  knowing  the  peripheral  velocity  necessary  to  give 
the  lift,  the  inclination  of  the  vanes  must  be  computed  accordingly. 

Example. — Proportion  a  pump,  of  the  type  shown  in  Fig.  22,  with 
14-in.  intake,  to  lift  8  cu.  ft.  of  water  per  second  against  a  head  of 
48  ft. 

First,  to  find  the  peripheral  velocity,  u:   If  an  efficiency  of  7b%  be 

assumed,  the  pump  must  be  designed  for  a  speed  which  would  give 

u2 
64  ft.  lift,  theoretically.     Then,  by  Equation  VII,  //=  —  ,  u  =  45  ft. 

per  second  (nearly),  and  this  may  be  taken  as  the  velocity  of  the  center 
line  of  the  discharge  zone.  Assume  the  diameter  of  this  center  line 
to  be  24  ins.  Then  the  revolutions  per  second  will  be  7.16.  The 
velocity  of  the  outer  limits  of  the  intake  vanes,  W,  at  H  (where  the 
radius  .-=  7  ins.),  will  be  A  of  45  =  26  (nearly),  and,  the  vertical  veloc- 
ity of  approach  being  8  ft.,  the  inclination  of  the  vane  at  this  point 
must  be  8  vertical  to  26  horizontal  (4  to  13).  The  inclination  becomes 
more  nearly  vertical  as  the  center  is  approached,  being  vertical  at  the 
center. 

Assuming  the  width  of  the  discharge  zone  to  be  4  ins.,  then  the 
area  is  1  sq.  ft.  (nearly),  and,  therefore,  the  vertical  component  of  the 
velocity  of  discharge  (or  the  velocity,  relative  to  the  revolving  wheel) 
will  again  be  8  ft.  (nearly).  Hence,  the  fixed  vanes  at  discharge  must 
be  inclined  8  vertical  to  45  horizontal  (1  to  5J). 

Some  convenient  formulas  for  proportioning  pumps  of  the  class  ' 
shown  in  Fig.  22  are  as  follows: 

Let  S  =  slope,  or  tangent,  of  the  inclination  of  fixed  deflecting 
vanes,  g; 
"  d  =  radial  width  of  same  =  width  of  discharge  zone; 
"   r  =  radius  of  center  of  discharge  zone; 
"  u  =  velocity  of  rotation  at  radius,  r; 

it  y  __  velocity  of  discharge  relative  to  the  revolving  wheel  = 
vertical  component  of  absolute  velocity  of  discharge; 
"   a  =  area  of  discharge  zone  =  2  it  r  d. 
Then     V=  u  S,  and  Q  =  a  V=  a  u  S. 

Similarly,  let  5j,  rv  ux  represent  the  slope,  radius  and  rotative 
velocity,  respectively,  of  the  intake  vanes  at  the  outer  limit;  and  let 
ax  represent  the  area,  and  Vx  the  velocity,  in  the  intake. 
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Then  Vx  =  ux  8X\  u  =  — ~  u;  a  =  it  r8,;  Q  =  a x  VY  —  ax  ux  ^. 

Equating  the  two  values  of  Q,  we  get 
r  a  S  =  rx  a,  >%. 

Another  equation  easily  proved  is: 

V,£l  =  2r2rf& 

In  such  a  pump,  run  at  varying  speeds,  the  discharge  will  vary 
directly  with  the  speed,  the  lift  with  the  square,  and  the  work  with  the 
cube,  of  the  speed.  Evidently,  then,  such  a  pump  cannot  be  adapted 
to  varying  conditions.  This  has  probably  been  the  greatest  handicap 
to  a  more  general  use  of  centrifugal  pumps;  therefore,  it  is  exceed- 
ingly desirable,  in  connection  with  other  improvements,  to  make 
pumps  of  the  best  class  adjustable. 

Figs:  26,  27,  28  and  29  show  the  writer's  design  for  an  adjustable 
centrifugal  pump.  The  discharge  is  dependent  on  the  area  of  the 
orifices,  e  e,  and  this  is  controlled  by  swinging  the  vanes,  B,  about  the 
hinges,  d,  thus  affecting  the  opening,  e  e.  From  the  adjusting  ring,  .4, 
Figs.  27  and  28,  the  pins,  a,  a,  etc.,  protrude  through  short  slots,  c  c 
which  are  cut  through  the  shell,  1),  on  the  circumference  of  a  circle  con- 
centric with  the  wheel.  These  pins,  a,  engage  the  vanes,  B,  by  entering 
the  straight  slots,  b,  cut  in  the  vanes.  When  A  is  revolved,  the  pins,  a, 
follow  the  slots,  c  c,  and  B  must  swing  in  or  out  accordingly.  A  is 
revolved  through  the  necessary  angle  by  the  mechanism  shown  at  C, 
Figs.  27  and  28,  which  may  be  duplicated  on  the  opposite  side.  Fig. 
26  shows  the  vanes,  B,  in  place,  with  the  upper  plate  removed.  Fig. 
28  shows  the  adjusting  ring,  A,  lying  in  place.  The  inner  curve  of  the 
vanes,  B,  is  designed  to  maintain  unchanged  both  the  radial  and  re- 
volving motion  of  the  water;  but,  after  it  passes  e  ef  into  the  flaring 
nozzle,  the  velocity  is  checked,  and  the  pressure  is  increased  ac- 
cordingly. 

The  advantage  of  the  down-and-out  flow  is  in  the  opportunity  it 
gives  to  support  the  weight  of  the  wheel,  shaft,  etc.,  on  high-pressure 
air  from  beneath,  that  is,  in  the  chamber,  *,  In  this  case,  where  air 
occupies  the  space,  n,  below  the  wheel,  the  pressure  is  uniform,  not 
being  affected  by  the  centrifugal  force  of  the  water  revolving  under 
the  wheel,  as  assumed  on  page  496;  hence,  in  this  case,  the  uplift 

will  be  — '— =  3  r2  u2  (nearly),  in  pounds,  when  r  is  taken  in 
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feet.  This  is  double  the  uplift  obtained  when  water  is  revolving 
under  the  wheel — a  point  well  worth  notice  in  designing  either  pumps 
or  water-wheels  to  operate  on  vertical  shafts.  Air  can  be  conducted 
into  this  chamber  by  the  means  described  on  page  514,  or  by  an  in- 
spirator, i,  as  shown  in  Fig.  27.  The  water  for  operating  theanspirator 
can  be  drawn  from  any  point  in  the  discharge  pipe.    Note  that  the 


Pig.  26 


pressure  in  n  is  that  at  the  open  joint,  /,  at  the  tips  of  the  vanes, 
where  the  velocity  is  highest,  and,  therefore,  the  pressure  in  n  will 
be  less  than  in  R  (one-half,  theoretically). 

Fig.  29  shows  the  outlines  of  an  adjustable,  double-intake  pump 
on  a  horizontal  shaft;  the  adjustment  to  be  made  substantially  as  in 
the  preceding.  Such  a  design  has  very  manifest  advantages  for  a  per- 
manent plant  to  handle  large  quantities  of  water  from  a  nearly  per- 
manent and  easily  accessible  level. 
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It  is  noteworthy  that  the  designs  discussed  on  pages  520  to  521 
have  every  element  of  a  first-class  "  reaction"  water-wheel  (turbine), 
and,  operated  as  such,  will  probably  give  good  results. 


Compounding. 

The  principle  involved  in  compounding  centrifugal  pumps  is  simple 
enough.  It  consists  in  taking  the  water  as  delivered  from  one  pump 
and  passing  it  through  another,  thus  getting  the  effect  of  each  pump 
independently.  But,  when  the  designer  takes  up  the  problem,  be  fine}* 
an  infinite  variety  of  possible  combinations,  from  which  he  must  select 
that  one  which  is  most  advantageous,  everything  considered,  and  he 
must  consider,  chiefly,  compactness,  simplicity  of  castings  and  effi- 
ciency of  operation. 

After  studying  the  subject  in  the  light  of  all  that  precedes  in  this 
paper,  the  writer  offers  the  design  for  a  compounding  pump  shown  in 
Figs.  30  and  32. 

Having  explained  all  other  new  features  in  this  design  we  have  now 
only  to  explain  the  features  involved  in  compounding. 

The  construction  and  operation,  out  to  the  lower  edge  of  the  fixed 
deflecting  vanes,  g{  gv  is  identical  with  that  in  the  single  pump,  Fig. 
22.  At  this  point  the  water  is  flowing  vertically  and  has  a  low  velocity 
(all  the  motion  of  revolution  having  been  checked  by  the  vanes,  g), 
and  its  pressure  is  that  due  to  whatever  head  the  single  pump  could 
produce.  The  water  now  comes  in  the  path  of  a  second  set  of  pro- 
pelling vanes,  W2  W2,  which  are  attached  to  the  same  revolving  piece 
that  carried  the  first  set,  Wx  Wlt  as  is  shown  plainly  in  Fig.  30.  This 
second  set  of  vanes  must  be  set  so  that  the  upper  edge  will  part  the 
water  without  shock — which  is  a  matter  of  simple  geometry.  The 
water,  in  gliding  between  the  vanes,  W^  partakes  of  their  velocity,  and, 
hence,  at  the  line  of  escape,  or  lower  edge  of  W&  the  water  again  has 
a  high  velocity,  as  shown  by  the  dotted  lines  in  Fig.  31,  but,  imme- 
diately after  its  escape  from  W2,  the  water  comes  against  a  second  set 
of  fixed  deflecting  vanes,  g2,  by  which  the  component,  m,  of  its  velocity 
is  again  checked  and  the  pressure  increased  correspondingly,  accord- 
ing to  the  well-known  law  of  hydraulics. 

Thus,  the  pressure  can  be  increased  indefinitely  by  a  succession  of 
moving  and  fixed  vanes. 


Pttpere.]       THEORY   OF  CENTRIFUGAL   PUMP8  AND   FAN8.  523 


H!P 


Fig.  31 
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It  can  be  shown  (see  page  507)  that  the  effect  of  the  vanes,  JF,, 
will  be  exactly  equal  to  that  of  the  first  set  of  vanes,  Wv  which  act 
more  nearly  nnder  the  laws  of  purely  centrifugal  force. 

The  details  of  construction  can  be  varied  indefinitely,  but  the  sim- 
plicity of  that  shown  in  Fig.  30  is  not  likely  to  be  surpassed  unless  it 
be  by  that  shown  in  Fig.  32. 

Note  that  in  Fig.  30  the  area  of  the  horizontal  section  of  tbe 
water  channel  is  constant  between  the  first  and  last  lines  of  discharge: 
Hence  the  vertical  component,  V,  of  the  velocity  must  be  constant 
This  simplifies  very  much  the  construction  and  also  the  problems  io 
proportioning.  The  flow,  of  course,  could  be  made  radial  and  jet 
retain  the  novel  feature  here  described,  but  the  space  occupied  by  the 
pump  would  be  increased  very  much  and  the  construction  com- 
plicated. 

Fig.  32  shows  a  compound  turbine*  pump,  which  will  now  be 
readily  understood.  The  water  enters  from  above,  through  Q.  The 
space,  rcj,  will  be  occupied  by  air  below  atmospheric  pressure  (if  Q  » 
under  suction),  the  air  being  admitted  through  a  cook  on  the  pipe,  <j; 
the  air  thus  admitted  doing,  also,  the  duty  of  that  admitted  through 
c,  of  Fig.  30.  The  space,  nl9  will  be  occupied  by  air  at  high  pressure 
admitted  through  the  pipe,  S,  by  the  process  described  in  connection 
with  Fig.  22. 

This  design  has  one  additional  and -noteworthy  advantage,  in  that 
the  high  pressure  is  under  the  wheel,  and  all  the  reaction  of  the  flow- 
ing water  is  upward.  Thus  the  weight  of  the  wheel  and  a  shaft  of 
length  equal  to  the  lift  can  usually  be  fully  supported,  and  often  more 
than  supported. 

As  an  example  of  the  theoretic  porportions  of  pumps  of  the  style 
shown  in  Figs.  22,  30  and  32,  the  following  is  offered: 

Assume  an  intake  pipe,  8  ins.  in  diameter,  and  an  intake  velocity 
of  8  ft.  per  second.  This  gives  2.8  cu.  ft.  per  second.  Assume  the 
outer  diameter  of  the  discharge  (to  J)  =  13  ins.,  and  the  inner  diame- 
ter (to  E)  =  10  ins.,  or  b  =  1J  ins.  Then  the  discharge  area  =  0.376 
sq.  ft.,  and  the  vertical  component  of  the  velocity  there  =  7.4  ft.  per 
second,  and  this  does  not  change  until  the  horizontal  area  changes. 

Assume  800  revolutions  per  minute.    Then  the  velocity,  u,  of  the 

outer  tips  of  the  vanes  will  be  nearly  42  ft.  per  second,  and  the  the©- 

•  This  non-committal  name  is  used  because  the  action  is  neither  purely  centrtfopl 
nor  impulsive. 
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retic  lift,  H=  —  ,  will  be  nearly  50  ft.  when  the  outer  tips  of  the  pro- 
pelling vanes  are  perpendicular  to  their  motion,  that  is  fi  =  90 
degrees. 

Under  the  above  conditions,  the  inner  tips  of  the  vanes,  where  they 
take  up  the  water  at  Hf  should  slope  4J  horizontal  to  1  vertical,  as  at 


>^      Tlieu relic  condition*; 

Capacity  l  ru.fa,  per  w.cond. 

-  3WU  gaix*  iht  Tniniiu-. 
HO  njvuliit Ions  per  mtnutv. 
Huj()-wn.  nearly. 
UY.-H  nearly. 


^ 


^ 


SECTION  ON  A-B,  SHOWING 
ONE  VANE  IN  EACH  SET. 


COMPOUND  TURBINE  PUMP. 

Fia.  82, 
bt  Fig.  27,  and  the  top  edge  of  the  fixed  deflectors,  g,  should  slope  in 
the  opposite  direction  about  6  to  1,  as  at  a.  Fig.  30. 

The  extreme  outside  diameter  (over  the  flange)  of  such  a  pump 
would  be  about  21  ins.  The  figures  are  drawn  to  scale  and  show  the 
proportionate  heights. 
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The  lift  found  for  a  single-acting  pump  can  be  doubled  (theoret- 
ically) by  compounding,  as  in  Figs.  30  and  32,  which  are  drawn  to  scale 
and  show  how  little  additional  weight  or  work  would  be  necessary 

to  accomplish  that  result. 

Fans. 

The  demonstrations  and  formulas  heretofore  given,  relating  to 
both  centrifugal  and  impulse  pumps,  apply  to  any  fluid  of  constant 
density.  Notice  that  weight,  or  density,  appears  in  none  of  the  for- 
mulas for  dimensions,  velocities  or  heads.  If,  then,  we  enter  the  study 
of  fans  or  blowers,  assuming  that  the  change  of  density  of  the  air  (or 
any  gas)  while  passing  through  the  machine  is  so  slight  that  it  maybe 
neglected,  we  can  accept  without  question  any  of  the  formulas  offered 
for  either  centrifugal  or  impulse  pumps.  Indeed,  it  has  already  been 
stated  that  in  impulse  pumps  there  should  be  no  change  of  pressure 
in  the  fluid  as  it  passes  through  the  vanes.  Then  the  formulas  for 
impulse  pumps  apply  to  fans,  without  any  qualifications. 

It  will  be  shown  presently  that  the  simplest,  cheapest  and  prob- 
ably the  most  efficient  fan  will  discharge  under  atmospheric  pressure. 
It  will  now  be  shown  that  in  that  case,  also,  the  equations  will 
stand,  although  centrifugal  force  may  cause  a  compression  within  the 
wheel. 

In  Fig.  1  assume  the  cylinder,  C  B,  tilled  with  a  compressible  fluid, 
as  air,  then  the  weight  of  a  unit  volume  will  not  be  constant,  but  will 
depend  on  the  distance,  x,  from  the  center. 

Let  W1  represent  this  weight  at  the  distance,  x,  from  the  center. 

Then  the  centrifugal  force,  due  to  a  disk  of  unit  area  and  infinitesimal 

thickness,  d  x,  will  be 

,  *       W'  u\  W  J      .        .  x 

a /  = a  x= t-  a:  a  x,  since  w,  =  -  —  u. 

gx  <jr%  x       r 

Also, 

W         f 

~rTr  =      ~>  where  /==  the  absolute  pressure  in  the  fluid  at 
If         pa 

the  distance,  x,  from  the  center,  and  W  and  pa  are  the  weight  and 

pressure,  respectively,  of  free  air. 

Substituting  and  dividing  by/  we  get 

tif        W  u2 

-<  = s x  d  x. 

f        gr*  pa 
Then 


rPla/  =  jr^  rxdx 
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Whence, 


-s -^  <"-'■> 


Whence  px  is  the  pressure  at  the  outer  limit,  B. 

Now,  assuming  no  change  of  temperature,  it  is  known  that  what- 
ever energy  is  pent  up  in  the  compressed  gas  within  the  wheel  must 
be  as  kinetic  energy  (energy  of  motion),  when  the  gas  escapes  under 
atmospheric  pressure.  The  energy  in  the  gas  within  the  wheel  is 
partly  in  the  pressure  and  partly  in  the  velocity  of  revolution.  Hence 
we  have  the  equation 

p  a  iog  J?i+2L^=Z^:; 

Pa  V«  iOgt.    ^   +         2g  2g        , 


Fig.  34. 


where  v  is  the  absolute  velocity  immediately  after  escaping.  Sub- 
stituting the  value  of  log.  —  ,  found  above,  the  equation  reduces  to 

Pa 

v2  =  2u2 — m2,,  which  expression  will  bo  obtained  by  the  analysis 
on  page  482  when  the  velocity  of  approach  is  omitted. 

In  the  writer's  opinion,  fans  should  be  designed  and  proportioned 
in  accordance  with  the  principle  of  impulse  pumps,  except  that  the 
enclosing  casing  can  be  omitted.  See  Fig.  33.  Such  constructions 
have  the  following  advantages : 

(a) — They  are  composed  of  few  and  simple  parts. 

(b) — The  vaneB  being  short,  radially,  great  inlet  area  can  be  pro- 
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vided  in  a  fan  of  comparatively  small  diameter,  and  the  discharge 
increased  correspondingly. 

(c) — The  condition  that  the  discharge  is  at  atmospheric  pressure 
renders  the  mathematical  analysis  of  the  action  simple,  and  satisfac- 
tory formulas  for  proportioning  and  speeding  a  fan  can  be  obtained. 

(d) — The  condition  as  to  pressure  (or  suction)  at  the  joint,  d,  re- 
veals whether  or  not  the  wheel  is  speeded  and  proportioned  properh. 

Furthermore,  these  impulse  fans  (if  that  name  be  accepted)  will 
for  reasons  of  simplicity  and  economy,  probably  be  without  guide 
vanes,  and,  for  similar  reasons,  the  moving  vanes  may  be  assumed  to 
be  radial  at  the  outer  end.  It  is  apparent,  further,  that  since  the  sir 
enters  and  leaves  at  atmospheric  pressure,  the  two  factors,  k  and  />,  in 
the  equations,  disappear  or  balance  each  other.  Thus  simplified,  the 
principle  formulas  become: 


v 


=  72+^  =  2w2+  t^ (XI) 

Q  =  2*rlblvl (IXa\ 

Q  =  2nrbV ( Villa) 

As  the  air  passes  by  the   joint,  d,  its  energy  is  all  kinetic,  or 

TV  0  v2 
E  =  — ^ — ,  but  after  it  gets  into  the  discharge  conduit  its  energr 

will  usually  be  partly  due  to  pressure  and  partly  due  to  velocity. 
Thus,  suppose  there  is  required  an  absolute  pressure,  pv  and  a  veloc- 
ity, v2,  in  the  conduit;  then,  by  the  law  of  conservation  of  energy, 

>2g        -*«V«i0S«-  Pa+        2g 
Whence, 

»*  =  ^P«  log.,  R  +  A (XT7. 

Where  log.  R  =  hyperbolic  log.  of    --,  W=  weight  of  air  =  0.0761b. 

Pa 

when  fche  temperature  is  60°  Fahr.,  and  pd  =  2  11-6  lbs.  per  square 
foot.     Inserting  the  numerical  values,  we  get 

v2  =  1  782  000  log.  R  +  v\ (XVIm 

While  Equation  XVIa  is  theoretically  correct,  it  is  the  common 
practice  to  neglect  the  effects  of  compression,  and  work  by  equations 
identical  in  form  with  those  used  in  hydraulics,  differing  only  in  the 
weight  of  the  fluid  and  in  the  coefficient  of  friction.  This  practice  is 
sufficiently  accurate  for  practical  purposes,  within  the  ordinary  limits 
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of  compression  produced  by  fans.  Thus,  instead  of  the  equation 
above  for  Et  the  equation  for  energy  would  be  written 

where  P  is  the  pressure  above  the  atmosphere,  and  QY  is  the  volume 
at  the  pressure,  P;  but,  if  compression  is  neglected,  Qx  may  be  taken 
=  Qa;  then  Equation  XVla  reduces  to 

"*  =  ^+^ [XVII) 

or,  inserting  numerical  values,  this  becomes 

v2  =  842  P  4-  v2* (XVUa) 

Results  computed  from  Equations  XVla  and  XVIIa  will  not  differ 
enough  to  affect  the  dimensions  in  designing.  Hence,  the  latter, 
being  much  simpler,  is  preferable  for  that  purpose;  but,  in  computing 
the  efficiency  of  a  fan,  Equation  XVI  should  be  applied,  and  a  value 
of  IF  inserted,  according  to  the  temperature  of  the  passing  air. 

Example. — Proportion  a  fan  to  deliver  400  cu.  ft.  per  second  of  free 
air  (at  a  temperature  of  63°  Fahr.)  into  a  passage  where  the  pressure 
is  2  ins.  of  water  (10.4  lbs.  per  square  foot),  the  velocity  to  be  16  ft.  per 
second  (=  v2).    See  Fig.  33. 

2116.8  +  10.4 

R-— 2UKS—  =  1005' 

•  Log.,.  R  =  0.005; 

and  v\  =  256. 

Then,  by  Equation  XVla, 

J  =  1  782  000  X  0.005  +  256  =  9  166,  or  v  =  96,  nearly. 

By  Equation  XVIIa, 

v%  =  842  x  10.4  +  256  =  9  012,  or  v  =  95,  nearly. 

Evidently,  either  result  will  be  sufficiently  accurate  for  designing. 

Now,  if  an  entrance  velocity,   t?2,  of  about  60  ft.  per  second  is 

400 
allowed,  the  area  of  the  entrance  =~wtt  =  6.66  sq.  ft.,  or  3.33  sq.  ft. 

on  each  side.  The  area  of  a  circle  of  1  ft.  radius  is  3.14  sq.  ft.  Hence 
we  may  take  r,  =  1  ft.,  making  v2  =  63. 

Assuming  the  velocity  at  the  entrance  to  the  vanes,  vx>  to  be  the 
same  as  vv  we  have, 

Q  =  400  =  2  Tt  rx  bx  vl% 
whence 

&!  =  1  ft.,  very  nearly. 
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Now,  if  there  are  twelve  vanes,  they  will  be  about  6  ins.  apart  at  the 
inner  tip.     Then  a  radial  length  of  6  ins.  for  the  vane  seems  to  be 
sufficient.     This  will  make  the  fan  wheel  3  ft.  in  diameter. 
By  Equation  XI, 

2        *>  —v_^  =  1  (9  012  __  3  gee)  =  2  512,  and  u  =  50,  nearly. 


2  2y 

Also,  by  Equation  III, 

V2  =  v2  —  u2  =  9  012  —  5  043  =  3  969,  and  V=  63. 
Then,  by  Equation  Villa, 

400  =  6.28  X  1.5  X  63  X  b, 
Whence 

b  =  0.66  ft.=  8  ins.,  nearly. 
The  vanes  should  curve  forward  at  the  inner  end  to  make  an  angle 

with  the  tangent,  of  which  the  tangent,  -1  =  1.31, 

ui 
or  the  angle  =  52°  45'. 

The  theoretic  horse-power  of  such  a  fan  would  be 

i^U  8,  nearly. 

Fig.  33  is  drawn  to  scale  showing  the  dimensions  as  juBt  computed. 
The  vanes  and  the  hollow  wheel  in  which  they  are  inserted  can  best  be 
made  of  sheet  metal  polished  inside  and  outside. 

The  curved  approach  to  the  inlet  should  not  be  omitted.  Judg- 
ing by  similar  conditions  in  hydraulics,  the  discharge  will  be  about 
50^  greater  with  a  curved  inlet  than  without.  Hence,  evidently,  this 
is  one  of  the  most  important  details. 

Adjustment. — The  joint,  d,  is  open  to  the  atmosphere.  When  the 
wheel  is  designed  and  speeded  according  to  principles  already  dis- 
cussed, the  energy  passing  the  joint,  d,  is  all  kinetic,  so  that  there  is 
no  tendency  to  leakage  inward  or  outward.  However,  in  most  eases 
in  practice,  the  resistance  to  be  overcome  in  forcing  air  through  the 
passage  (pipe,  mine,  tunnel,  building,  furnace,  or  the  like)  cannot  be 
computed  accurately,  and  may  vary  from  time  to  time.  Hence,  in 
order  to  meet  these  conditions  satisfactorily,  it  is  desirable  that  the 
fan  should  be  adjustable.  In  order  to  understand  this  phase  of  the 
subject,  the  following  discussion  is  necessary: 

If  all  effects  of  compression  are  neglected,  which  may  be  done  under 
the  ordinary  conditions  of  practice,  the  resistance  to  be  overcome  when 
forcing  air  through  a  passage,  in  which  the  conditions  are  constant. 
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will  vary  with  the  square  of  the  velocity  (proved  by  experiment),  and, 
of  course,  the  velocity  varies  directly  with  the  quantity  of  air  passed. 
Hence  the  resistance  varies  with  the  square  of  the  quantity.  Also, 
from  Equation  VIII,  it  is  seen  that  Q2  varies  with  V\  all  other  factors 
being  constant;  and,  by  Equation  VI,  V2  varies  with  w2.  Hence,  from  the 
foregoing  considerations,  it  may  be  said  that  the  resistance  varies 
with  w2;  and,  from  Equation  XI,  the  pressure  head  produced  by  the 
wheel, 

showing  that  it  is  sufficiently  accurate  for  the  present  purpose  to  say 
that  H,  or  the  propelling  force,  varies  also  with  w2,  vl  being  compara- 
tively small. 

Thus  it  is  found  that  a  fan  cannot  be  adjusted  to  a  variable  resist- 
ance by  varying  the  speed  only.  The  folly  of  attempting  to  do  so  will 
be  still  more  apparent  when  it  is  considered  that  the  necessary  power 
to  run  the  fan  varies  with  the  cube  of  the  speed,  if  it  has  a  free  dis- 
charge 

The  problem  of  adjustment,  then,  is  reduced  to  this:  Either  ohange 
the  resistance  by  changing  the  quantity  of  air  delivered  without  chang- 
ing the  speed,  or  change  the  speed  (and  thereby  the  propelling  force) 
without  changing  the  quantity ;  or  possibly,  both  may  be  changed  at 
once.  In  any  case,  it  would  be  necessary  to  make  the  area  of  the  air 
passage  adjustable.  Theoretically,  the  adjustment  ought  to  be  made 
in  the  area  of  the  discharge  passage  from  the  wheel;  that  is,  b,  in  the 
equations,  should  be  adjustable;  but,  practically,  it  is  very  doubtful  if 
the  advantage  would  outweigh  the  disadvantage  of  mechanical  com- 
plications necessary  to  provide  for  such  adjustment.  The  discharge 
could  be  adjusted  as  in  the  adjustable  pump. 

The  area  of  the  inlet  could  easily  be  throttled  to  any  extent,  and 
some  provision  to  do  so  may  be  found  advantageous,  though,  theoreti- 
cally, it  is  not  the  proper  place  to  apply  the  adjustment. 

Attention  should  be  called  to  the  fact  that  the  conditions  at  the 
joint,  d,  will  indicate  to  the  attendant  whether  the  speed  and  volume 
of  discharge  are  properly  related  to  the  resistance,  that  is,  if  air  is 
escaping  at  d,  the  resistance  is  too  great,  or  the  wheel  is  discharging 
more  air  than  it  can  force  through  the  passages;  while,  if  air  is  being 
drawn  in  at  d,  the  resistance  is  less  than  the  wheel  could  overcome,  or 
the  wheel  could  send  more  air  through  the  passages. 
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The  writer  suggests  that,  until  experience  throws  light  on  this  part 
of  the  study,  the  area  of  the  discharge  slot  be  made  a  little  less  than 
computed.  Then,  by  speeding  up,  the  required  quantity  can  be 
obtained,  and  there  will  be  some  excess  of  propelling  head.  Without 
this  suggestion  it  is  probable  that  the  designer  would  suppose  that  in 
order  to  be  on  the  safe  side  both  area  and  speed  should  have  some 
excess. 

Fig.  34  represents  a  fan  in  which  the  vanes  are  open  on  the  side,  and 
turn  within  a  fixed  casing.  Otherwise,  the  proportions  should  be 
worked  out  as  for  Fig.  33.  This  construction  is  not  as  simple  or  aa 
economical  as  that  shown  in  Fig  33,  though  it  represents  present  prac- 
tice more  nearly.  Nor  would  it  indicate  whether  the  proportions  and 
speed  were  properly  adapted  to  the  resistance.  However,  an  orifice 
through  the  casing,  as  at  y,  on  the  line  of  least  width,  would  give  the 
needed  indications,  provided  the  proportions  are  in  accord  with  the 
method  described  on  pages  528  to  530.  The  idea  is  apt  to  prevail 
that  by  closing  up  the  sides  of  the  fan,  as  in  Fig.  34,  the  air  is  kept  in 
the  passage  and  forced  to  move  on  into  the  conduit;  but  this  would  be 

t>2 
an  error,  for  if  the  propelling  head,  5— ,  and  the  possible  volume  are 

*g 

not  properly  related  to  the  resistance,  any  excess  of  volume  will  not 
enter  the  fan.  Attention  to  this  fact  will  explain  the  paradox  thai, 
within  assignable  limits,  the  more  open  the  passage  in  a  mine  the  more 
power  is  required  to  run  the  fans.  Close  the  passage,  and  no  air  passes. 
Then,  though  the  fan  continues  to  run,  it  discharges  no  air,  and  the 
power  required  is  only  enough  to  overcome  the  friction  within  the  fan. 
This  is  one  extreme.  The  other  is,  when  there  is  no  resistance  outside 
the  fan. 

Testing  Centrifugal  Pumps. 
Unfortunately,  the  published  data  taken  in  testing  centrifugal 
pumps  are  incomplete  in  every  case  that  the  writer  has  examined. 
The  only  object  in  making  the  tests  seems  to  have  been  to  see  if  the 
pumps  met  the  conditions  of  the  contract.  That,  of  course,  is  the 
most  important  matter,  as  far  as  a  single  pump  is  concerned,  but 
what  are  most  needed  are  comparative  results  as  affected  by  variations 
in  proportions,  angles,  speed  and  head.  It  is  only  from  such  data 
that  we  can  interpretaresults  intelligently  and  detect  the  combination* 
that  give  the  best  results. 
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The  data  which  should  be  recorded  in  a  test  are: 

First — All  dimensions  and  details  of  the  water  passages,  including: 

(a) — Suction  pipe;  length,  diameter,  valves,  etc. ; 

(b) — Curves  of  entrance  to  the  wheel,  and  details  of  the  joint 
between  the  wheel  and  the  casing  when  the  runners  are  inclosed ; 

(c) — Angles  (J  and  ft)  of  the  intake  and  discharge  ends,  respect- 
ively, of  the  propellers,  with  a  tangent  to  the  circle  in  which  they 
move; 

(d) — Details  of  the  open  joint  between  the  runner  and  the  casing 
at  the  discharge,  when  inclosed  runners  are  used; 

(e) — Details  of  the  curve,  if  any,  through  which  the  water  passes. 
from  the  tips  of  the  propellers  into  the  "  volute  "; 

(/)— Dimensions  of  the  "  volute  "; 

(g) — Conditions  of  the  various  surfaces  as  to  polish. 

All  the  above  can  be  shown  by  two  sections;  one  through  the  center 
in  the  plane  of  revolution,  the  other  through  the  center  at  right  angles 
to  the  plane  of  revolution.     Dimensions  should  be  shown  in  figures. 

Second. — The  pressures  at  three  points,  a,  b  and  c,  should  be  re- 
corded, as  follows: 

(a) — In  the  suction,  as  near  as  possible  to  the  wheel,  but  on  a 
straight  pipe  or  channel; 

(ft) — At  the  outer  tip  of  the  propellers,  by  tapping  through  the 
casing  at  right  angles  to  the  plane  of  revolution; 

(c) — In  the  first  straight  section  of  the  discharge  pipe; 

(d) — Belative  elevations  of  the  gauges  at  a,  b  and  c. 

Care  must  be  taken  to  place  the  gauges  where  centrifugal  force 
will  not  affect  the  results.  When  the  gauges  are  set  thus  it  will  not 
be  necessary  to  take  the  elevations  of  the  water  surface  in  the  sump 
and  discharge. 

Third. — (a) — Speed,  or  revolutions  per  minute; 

(b) — Water  delivered ; 

(c) — Power  consumed  when  discharging; 

(d)— Power  consumed  with  pump  full  of  water,  but  without  dis- 
charge; 

(e) — Power  consumed  when  pump  is  running  empty. 

Fourth. — The  following  points  should  not  be  overlooked  in  pre- 
paring for  and  in  conducting  a  test: 

(a) — The  pump  cannet  start  a  discharge  under  a  head  that  it  can 
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maintain  after  starting.     Hence,  a  valve  discharging  under  low  betd 

should  be  provided. 

(b) — It  will  seldom  be  found  practicable  to  deliver  the  water  to  a 

stand-pipe  with  the  desired  head,  especially  when  it  is  desired  to  vary 

the  head,  as  will  usually  be  the  case.     Then  the  only  recourse  is  to 

throttle  the  discharge  beyond  the  pressure  gauge  in  the  discharge 

pipe.     In  doing  this,  remember  that  with  the  discharge  cut  off  entirely 

u2 
the  maximum  pressure  head  will  be  5 — ,  including  suction,  and,  as 

*g 

the  valve  is  gradually  opened  the  pressure  head  will  rise,  theoretically, 
to  a  maximum  of  — — — ,  including  suction  head,  after  which. 

if  the  valve  be  opened  further,  the  head  will  become  less.  Thus 
a  skilful  manipulation  of  the  throttle  valve  while  watching  the  press- 
ure gauge  should  enable  the  operator  to  find  the  maximum  lift  for 
any  speed,  readily.  Theoretically,  the  condition  that  gives  the 
greatest  lift  should  also  give  the  greatest  efficiency.  Practically,  the 
greatest  efficiency  will  probably  be  found  when  the  valve  is  opened  a 
little  wider  than  when  giving  the  greatest  lift. 

(c) — The  total  lift  to  be  credited  to  the  pump  is  the  head  shown  on 
the  suction  gauge  plus /that  on  the  discharge  gauge  plus  their  difference 
of  elevation.  The  elevation  of  the  gauges  should  be  assumed  at  the 
surface  of  the  water  standing  in  the  small  pipe  leading  to  the  gauge, 
and  some  provision  to  determine  this  should  be  made. 
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APPENDIX. 


While  pursuing  these  studies,  the  following  scheme  for  a  hydraulic 
air-compressor  occurred  to  the  writer.  It  is  a  natural  result  of  the 
ideas  presented  on  pages  494  to 
496. 

Let  W,  Fig.  35,  represent  a 
centrifugal  pump  working  in  a 
closed  circuit,  P  Q  R,  as  shown; 
then,  evidently,  neglecting  slight 
differences  of  elevation,  the  pres- 
sure in  Q  is  equal  to  that  in  R 
(see  also  Figs.  11  and  18).  How, 
then,  can  we  account  for  the  work 
done  by  the  pump  ? 

The  answer  depends  on  cir- 
cumstances. For  our  present 
purpose  we  will  assume  an  air  space,  (7,  somewhere  in  the  circuit,  and 
that  free  air  has  access  to  the  joint,  d,  through  the  spaces,  ?i,  Figs.  11 
and  18.  Under  these  circumstances  the  rush  of  water  through  the  flar- 
ing nozzle,  m,  into  a  relatively  unresisting  field  (since  the  pressure  in  R 
equals  that  in  Q)  will  cause  a  suction  at  the  joint,  df  and,  assuming 
proper  provisions  for  the  admission  of  air,  the  entering  air  will  he 
compressed  to  the  pressure  in  R  as  soon  as  the  velocity  is  checked. 

The  air  thus  compressed  can  be  separated  in  a  chamber,  C,  and 
thence  conducted  away.  Theoretically  (as  the  word  is  usually  ap- 
plied), we  should  find  the  energy  in  the  compressed  air  equal  to  the 
work  done  by  the  pump,  there  being  no  other  channel  through  which 
the  energy  can  disappear  except  by  friction  in  its  various  forms. 

The  water  would  absorb  the  heat  of  compression,  and  therefore 
isothermal  conditions  would  be  very  nearly  realized,  but  the  heat  thus 
absorbed  would  have  to  be  taken  out  by  exterior  cooling,  as  suggested 
at  r,  Fig.  35. 

Another  attractive  feature  in  the  scheme  is  that,  theoretically,  with 
nearly  constant  motive  power  and  speed,  the  degree  of  compression 
can  be  varied  indefinitely  and  the  quantity  of  air  entering  will  be  self- 
regulating. 

An  easy  computation  will  show  that  a  compressor  of  great  power 
and  volume  can  be  embodied  in  a  small  machine. 

Disregarding  cost,  if  mercury  be  used  instead  of  water,  the  calcula- 
tions show  remarkable  results. 

If  the  air-chamber  be  abolished,  or  tilled  with  water,  and  water, 
instead  of  air,  be  drawn  in  at  d,  we  have  a  hydraulic  jack  of  unlimited 
power. 
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The  practical  difficulties  in  carrying  out  such  a  scheme  will  prob- 
ably be  serious,  and  possibly  insurmountable.  To  test  it  sufficient^ 
to  say  whether  or  not  it  can  be  made  a  success  would  require  extensTe 
and  expensive  experiments.  The  main  questions  are:  Can  enough  air 
be  taken  into  the  current  to  absorb  the  energy ;  and  what  is  the  best 
mechanical  means  for  providing  for  its  admission? 
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E.  J.  McCaustland,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — In  con-  Mr.  McCaust- 
dncting  these  tests,  which  show  a  great  amount  of  painstaking  labor  ,and* 
on  the  part  of  Mr.  Turrill,  an  excellent  opportunity  was  offered  to 
determine  the  rate,  as  well  as  the  total  amount,  of  absorption.  With 
bricks  heated  for  the  time,  and  to  the  degree  indicated  in  these  experi- 
ments, and  with  the  time  allowed  for  the  complete  test,  valuable 
information  might  have  been  obtained  by  weighing  the  bricks  at  fre- 
quent intervals  during  the  period  of  immersion. 

There  is  little  doubt  that  the  rate  of  absorption  is  much  greater 
during  the  first  few  hours  of  immersion  than  at  any  later  time, 
although  there  will  be  increasing  absorption  for  a  long  period. 

In  ordinary  commercial  work  it  is  not  usually  convenient  to  extend 
the  absorption  tests  over  more  than  48  hours,  and  sometimes  not  more 
than  24  hours.  The  latter  time  is  rather  short;  but  the  writer  be- 
lieves that  48  hours  gives  sufficient  time  to  indicate  clearly  the  char- 
acter of  the  brick  and  give  results  definite  enough  for  all  purposes  of 
comparison.  It  is  probable,  in  any  case  of  building  brick  and  most 
cases  of  paving  brick,  that  at  least  75%  of  the  total  water  of  ab- 
sorption would  be  taken  up  during  the  first  48  hours  of  immersion, 

*  This  discussion  (of  the  paper  by  Sherman  M.  Turrill,  Assoc.  Am.  Soc.  C.  E.,  printed 
in  Proceedings  for  March,  1903),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  June  26th,  1903,  will  be  published 
subsequently. 
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Mr.  McCaust-  and  it  is  believed  that  this  initial  absorption  affords  fully  as  satis- 
factory an  index  of  the  character  of  the  brick  as  wonld  be  obtained 
from  a  more  extended  test.  Certainly,  it  is  absorption  in  the  tint 
stages  that  is  important  to  consider  in  ordinary  brickwork  where  it  is 
exposed  to  moisture.  Brickwork  under  water  is  usually  constructed 
of  a  material  which  will  absorb  only  a  very  small  percentage  of  its 
own  weight. 

The  writer  believes  that  tension  tests  of  brick  should  receive  more 
attention  than  has  been  given  to  them  heretofore.  In  crushing  tests 
of  a  large  number  of  brick  piers  or  columns,  he  has  found  that  failure 
occurred  invariably  by  splitting  longitudinally,  the  individual  bricks 
failing  by  tension,  with  little  or  no  indication  of  crushing. 

The  author's  conclusions,  based  upon  the  results  of  his  tensile 
tests,  concerning  the  comparative  strength  of  natural,  filled-with- 
water,  and  reheated  bricks  seem  to  be  scarcely  justified.  It  is  true 
that  on  the  twelve  tests  the  average  strength  of  the  reheated  bricks  is 
highest;  but  it  is  to  be  noted  that  two  of  these  specimens  (Xos.  96 
and  231)  give  abnormally  high  results.  "With  these  omitted,  or  scaled 
down  to  the  next  highest  figure  (No.  491),  the  average  will  be  prac- 
tically the  same  as  for  the  natural  brick.  Comparing  the  "  filled- with- 
water  "  and  the  «'  natural,"  it  is  to  be  noted  that  six  of  the  latter  give 
a  higher  value  than  the  corresponding  "filled- with- water,"  and  on 
the  whole  set  of  twelve  bricks  the  averages  for  the  three  conditions 
differ  only  8  lbB. 

It  would  seem  to  the  writer  more  nearly  correct  to  conclude  that 
these  tests  do  not  establish  any  difference  whatever  in  the  tensile 
strength  of  these  three  classes  of  brick.  The  stresses  due  to  bending, 
although  not  to  be  classed  as  tensile  stresses,  have  some  significance 
in  this  connection,  and  their  averages  indicate  an  excess  of  strength 
in  favor  of  the  natural  brick.  However,  notwithstanding  the  extent 
of  these  experiments  and  the  care  with  which  they  were  conducted, 
they  are  not  sufficiently  numerous  to  warrant  general  conclusions. 
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Allen  Hazen,  M.  Am.  Soc.  C.  E. — This  paper  is  of  unusual  interest,  Mr.  Hazen. 
as  it  represents  a  careful  and  scientific  development  of  a  method  of 
filtration  which  has  been  used  extensively  in  this  country  in  a  less  per- 
fected and  developed  form.  This  method  is  that  commonly  known  as 
mechanical  filtration,  in  distinction  from  the  older  type  known  as 
sand  filtration,  which  has  been  used  widely  by  European  cities  for 
many  years,  and  more  recently  to  a  considerable  extent  in  this  country. 

The  water  at  Little  Falls  is  free  from  excessive  sediment,  and  is  of 
a  type  for  which  sand  filters  would  usually  be  considered  preferable. 
For  waters  of  the  turbid  type,  particularly  where  the  amount  of  sewage- 
polluting  matter  is  not  great,  mechanical  filters  give  better  clarifica- 
tion than  sand  filters.  Mechanical  filters,  because  of  their  high  rate 
of  filtration,  occupy  less  space  and  can  be  installed  on  sites  which  are 
not  adequate  for  the  construction  of  sand  filters;  and,  apparently,  it 
was  for  this  reason  that  mechanical  filters  were  selected  in  this  case, 
although  the  removal  of  color,  which  is  more  complete  in  connection 

•This  discussion  (of  the  paper  by  George  W.  Fuller,  Assoc.  U.  Am.  Soc.  C.  E., 
printed  in  Proceedings  for  February,  3933),  is  printed  in  Proceeding*  in  order  that  the 
views  expressed  may  be  brought  before  all  members  of  the  Society  for  further  dis- 
cussion. 

Communications  on  this  subject  received  prior  to  June  20th,  1908,  will  be  published 
subsequently. 
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Mr.  Hazen.  with  the  chemical  treatment  than  is  possible  by  sand  filters  unaided, 
was  no  doubt  an  important,  although  secondary,  object  reached  by  the 
selection. 

As  far  as  the  clarification  is  concerned,  there  can  be  no  question  as 
to  the  treatment.  The  results  secured,  as  shown  by  the  records  given 
by  the  author,  are  almost  ideal.  The  point  of  greatest  interest  in  con- 
nection with  its  operation  is,  whether  it  will  remove  the  disease-pro- 
ducing properties  with  the  same  certainty  that  well  constructed  and 
operated  sand  filters  do. 

Most  of  our  knowledge  as  to  the  improvement  of  the  health  of  com- 
munities by  filtering  their  water  supplies  relates  to  the  changes  effected 
by  sand  filters.  Corresponding  data  for  mechanical  niters  are  as  yet 
limited  and  unsatisfactory.  The  figures  for  bacterial  efficiency  given 
by  the  author  promise  much  in  this  respect.  It  should  be  noted,  how- 
ever, that  the  raw  water  is  much  less  polluted  by  sewage  than  the  cor- 
responding water  in  many  places  where  sand  filters  have  been  used,  as 
for  example,  at  Poughkeepsie,  Lawrence  and  Albany;  and,  as  the 
author  states,  the  death  rates  of  the  population  supplied  in  the  past 
with  the  water  in  its  raw  state  have  not  been  excessive.  The  test  is 
thus  a  less  searching  one  than  would  have  been  the  case  under  other 
conditions,  and,  at  the  same  time,  the  conditions  left  Jess  room  for 
doubt  as  to  the  outcome,  from  a  sanitary  standpoint,  than  would  have 
been  the  case  had  the  raw  water  been  polluted  by  sewage  to  a  much 
greater  extent. 

In  a  sand  filter  operating  at  a  low  rate  of  filtration,  the  removal  of 
the  disease-producing  properties,  which  are,  in  general,  the  bacteria, 
seems  to  depend  upon  the  attraction  of  the  bacteria  for  the  sand,  and 
for  the  matters  which  accumulate  upon  the  sand  grains  in  the  course 
of  filtration;  and  that  action,  as  we  know,  is  such  that  the  removal  of 
the  bacteria  is  most  complete.  In  a  mechanical  filter  the  rate  of  fil- 
tration is  increased,  in  a  general  way,  forty  times.  The  result  of  this 
increase  in  rate  is  that  the  actions  which  make  the  sand  filter  efficient 
are  no  longer  adequate  to  remove  the  bacteria,  and  the  action  of  the 
filter  becomes  dependent  upon  the  addition  of  coagulant  to  the  water 
before  filtration,  and  the  formation  of  a  flocculent  precipitate  in  it 
which  entangles  the  bacteria  and  allows  them  to  be  removed  at 
the  high  rate.  The  efficiency  of  the  filter,  in  this  respect,  depends 
absolutely  upon  the  faithful  and  continuous  application  of  coagulant. 
The  problem  reduces  itself  to  devising  mechanical  means  for 
securing  at  all  times  the  application  of  the  coagulant  to  the  raw  water 
in  the  right  amount.  If  this  can  be  accomplished  thoroughly  there 
can  be  no  doubt  as  to  the  efficiency  of  the  purification  secured. 

There  are  a  great  many  mechanical  filter  plants  in  the  United 
States.  Unfortunately,  most  of  them  have  failed  in  this  respect  at  times. 
In  some  of  them  the  failures  have  been  so  frequent  and  extended  as  to 
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be  habitual.  Others  have  failed  less  frequently,  but  they  have  failed  Mr.  Hazen. 
more  frequently  because  the  coagulant  was  not  applied  faithfully  and 
continuously  than  from  any  other  cause.  In  this  plant  a  decided  step 
has  been  taken  in  securing  devices  to  insure  the  continuous  applica- 
tion of  the  coagulant,  as  far  as  devices  can  be  secured;  for,  after  all, 
the  human  element  is  often  the  weakest  link  in  the  chain,  and  that 
cannot  be  eliminated  altogether. 

Tne  probability  of  satisfactory  operation  is  increased  greatly  by 
the  laboratory  which  has  been  established  in  connection  with  the 
plant,  where  the  operation  is  watched  with  care  and  in  detail,  and  the 
results  are  recorded  fully  and  impartially.  This  is  a  most  important 
step  in  securing  uniformly  excellent  results,  and  it  is  to  be  hoped  that 
it  will  be  followed  in  all  important  plants.  The  importance  of  such 
supervision  is  shown  in  the  tables  of  results  and  by  the  fact,  as  noted 
by  the  author,  that  the  lowest  efficiencies  obtained  have  followed  the 
failure  to  secure  perfect  operation  of  the  coagulating  apparatus. 
Without  the  laboratory,  these  slight  lapses  would  have  passed  unno- 
ticed, and  the  improvements  in  the  apparatus  to  correct  them  would 
not  have  been  made. 

A  large  part  of  our  accurate  knowledge  of  mechanical  filtration  has 
been  derived  from  certain  experiments  made  by  the  author  at  Louis- 
ville, Ky.,  and  by  the  speaker  at  Pittsburg,  Pa.  In  each  case  filters 
of  what  are  known  as  the  Warren  and  Jewell  types,  as  well  as  certain 
other  appliances,  were  installed.  A  comparison  of  some  of  the  fea- 
tures of  these  earlier  experimental  filters  with  the  Little  Falls  filters 
may  be  of  interest.  Some  of  the  figures,  necessarily,  are  only  approxi- 
mate. 

TABLE  No.  17. 


Little  Fallal 
filters. 


Capacity  of  coagulating 
basin,  in  hours1  supply, 
when  rate  of  filtration  is 
126  030  000  galls,  per  acre' 
daily ." 

Depth  of  sand,  inches 

Effective  size  of  sand,  milli- 
meters   

Uniformity  coefficient  of 
sand ' 

Diameter  of  holes  in  strainer 
system,  millimeters ; 

Percentage  which  holes  in 
strainer  system  are  of  fill 
ter  area j 


l.i 
30 


0.40 
1.60 


1.60 


0.26 


Louisvtllb  Experi- 
mental Filters. 

Pittsburg  Experi 
mental  Filters. 

Jewell. 

Warren. 

Jewell. 

Warren. 

0.48 
34 

1.15 
27 

0.19 
57 

0.89 
27 

0.43 

0.51 

0.46 

0.70 

1.65 

1.47 

1.40 

1.30 

0.71 

1.09 

0.63 

0.61 

1.44 

6.00 

1.20 

8.80 
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Mr.  Hazen.  The  Pittsburg  and  Louisville  experimental  filters  may  be  regarded, 
in  a  certain  sense,  as  prototypes  of  the  Little  Falls  filters,  and  it  i» 
interesting  to  note  the  changes  from  the  earlier  designs. 

The  coagulating-basin  capacity  at  Little  Falls  is  increased.  Un- 
doubtedly this  change  is  most  advantageous,  and  it  may  be  questioned 
whether  still  further  increase  would  not  be  desirable.  The  best  size 
for  the  coagulating  basin  depends  almost  entirely  upon  the  character 
of  the  raw  water,  and  a  size  most  advantageous  for  one  water  might 
be  quite  inadequate  for  another. 

In  the  depth  of  sand  there  is  but  little  change,  although  the  very 
deep  layer  used  in  the  Jewell  filter  at  Pittsburg  has  not  been 
repeated.  The  sand  is  slightly  finer  than  in  the  earlier  filters,  but 
the  change  is  not  important,  and  the  uniformity  coefficient,  which 
was  insisted  on  rigidly  at  Little  Falls,  is  about  the  same  as  in  the 
earlier  filters. 

The  size  of  the  holes  in  the  strainer  system  is  much  greater,  but 
the  total  area  of  the  holes  is  reduced.  The  large  size  of  opening  is 
only  possible  in  connection  with  the  considerable  gravel  layers  at  the 
bottom,  and  these  layers  are  no  doubt  necessary  with  the  smaller  total 
area  of  the  openings. 

The  ample  area  of  the  exit  holes  in  the  Warren  filters  has  much  to 
commend  it.  If  the  action  of  filtration  was  all  that  had  to  be  consid- 
ered, the  size  would  hardly  have  been  reduced  below  this  figure.  The 
disadvantage  of  the  large  strainers  is  in  the  washing.  With  them  there 
is  not  sufficient  control  of  the  points  at  which  the  wash-water  rises 
through  the  sand.  The  only  way  that  this  has  been  controlled 
adequately  has  been  to  restrict  the  sizes  of  the  openings  in  the 
strainer  system,  until  so  much  head  is  consumed  in  forcing  the  water 
through  that  a  good  distribution  of  the  water  is  secured  over  the 
whole  of  the  area.  In  the  Jewell  filters,  this  was  secured  by  taking 
the  water  through  necks  immediately  below  the  strainer  outlets,  these 
necks  having  an  area  of  only  approximately  0.07^  of  the  filter  area. 
This  arrangement  secured  a  very  good  distribution  of  wash- water,  but 
was  open  to  the  objection  of  having  an  abnormally  high  friction  for 
both  the  entering  and  leaving  water. 

In  the  Little  Falls  design,  the  holes  in  the  strainers  themselves 
represent  the  greatest  amount  of  contraction,  and  the  area  of  these 
holes,  while  much  less  than  the  area  of  the  holes  in  the  Jewell  straioer 
systems,  is  three  or  four  times  as  great  as  the  area  of  the  necks  back 
of  those  holes. 

The  strainer  system  serves  two  widely  different  uses.  In  normal 
operation,  it  collects  and  removes  the  filtered  water;  in  washing,  it  dis- 
tributes the  wash-water,  and  the  distribution  to  all  parts  of  the  filter 
bottom  must  be  substantially  equal.  The  requirements  of  the  two 
services  are  quite  different,  and  the  strainer  system  is  a  compromise 
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between  the  requirements  of  each.     The  speaker  has  often  questioned  Mr.  Hazen. 
in  his  mind  whether  the  best  possible  results  could  be  secured  without 
using  separate  systems  for  the  two  services. 

The  most  important  point  of  divergence  from  the  earlier  designs  is 
the  substitution  of  air  for  agitating  the  sand  during  washing  for  the 
rakes  driven  by  power,  which  served  this  purpose  in  all  the  earlier 
filters.  Air  agitation  has  been  used  on  many  smaller  filters,  but  not 
before  where  the  results  were  actually  recorded  and  made  available 
for  study  by  those  interested  in  the  art  of  water  purification.  The 
air  agitation  has  the  advantage,  in  its  ready  applicability  to  rectangular 
masonry  filters,  and  in  avoiding  the  necessity  of  having  power  and 
shafting  over  the  filters.  It  seems  to  work  well  at  Little  Falls,  and 
the  present  indications  are  that  it  may  largely  supersede  other  forms 
of  agitation. 

The  excellent  manner  in  which  concrete  has  been  used  in  all  parts 
of  the  design  is  most  creditable  to  the  constructing  engineers. 

J.  P.  A.  Maignen,  Assoc.  Am.  Soc.  C.  E. — The  expression  "  ripen-  Mr.  Maignen; 
ing  "  of  filters  has  been  used  by  Mr.  Fuller,  and  the  speaker  would 
like  to  ask  him  and  Mr.  Hazen  what,  in  their  opinion,  is  meant  by  it. 
Is  it  that  the  surface  of  the  grains  of  sand  becomes  more  or  less 
covered  by  water  bacteria,  and  do  these  bacteria  help  the  act  of  puri-  - 
fication  in  any  other  way  than  by  blocking  the  interstices  between  the 
grains  of  sand;  or,  on  the  contrary,  are  we  to  understand  that  a  sand 
filter  becomes  "ripe"  or  capable  of  giving  a  good  bacterial  effluent 
when  the  sand  has  been  deprived  of  the  air  germs  it  contained  before 
any  water  had  been  passed  through  the  filter?  In  other  words,  does 
the  "  ripening  "  imply  the  addition  of  water  bacteria  to  the  sand,  or  the 
elimination  of  air  germs  from  the  surface  of  the  sand  grains  by  a  Inore 
or  less  prolonged  flow  of  water?  Some  light  on  this  subject  might  not 
be  without  interest. 

This  brings  us  back  to  a  statement  made  by  the  speaker  in  discuss- 
ing the  topic  "  The  Decolorization  of  Water,*  when  he  cited  some 
experiments  he  had  made  during  several  months  with  filters  contain- 
ing granular  materials — sand  and  charcoal.  In  both  cases  practically 
sterile  water  was  applied  (from  8  to  20  bacteria  per  cubic  centimeter). 
The  effluent,  during  the  first  two  or  three  days,  had  from  100  to  300 
bacteria  per  cubic  centimeter,  and,  day  after  day,  although  the  applied 
water  was  always  the  same  (not  averaging  more  than  15  bacteria  per 
cubic  centimeter),  the  filtrate  went  on  showing  an  ever  increasing 
number  of  bacteria,  until  the  fifteenth  day,  when  it  had  reached 
upwards  of  5  000.  Then  the  number  of  bacteria  in  the  effluent  began 
to  fall  off,  until,  at  the  end  of  the  month,  the  filtered  water  did  not 
contain  more  than  the  applied  water  (about  15  bacteria).  Therefore, 
it  took  one  month  to  "  ripen  "  these  filters.     The}'  were  kept  in  opera- 
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Mr.  Maignen.  tion  for  more  than  three  months  afterward,  and  during  all  this  second 
period—that  is,  after  the  filters  had  been  "ripened" — the  applied 
water  never  contained  less  than  2  000  bacteria,  sometimes  it  contained 
5  000  or  more,  and  the  filtered  water  never  contained  more  than  20. 

How  can  the  large  number  of  bacteria  found  in  the  filtered  water 
during  the  first  fortnight  be  accounted  for?  It  cannot  be,  as  ha* 
sometimes  been  said,  that  the  granular  materials  are  favorable  to  the 
development  of  water  organisms  introduced  with  the  applied  water, 
because,  in  this  case,  the  applied  water  was  practically  sterile.  If 
the  theory  of  the  multiplication  of  the  bacteria  in  the  filter  were 
attributed  to  the  accumulation  of  mud,  how  was  it  that,  all  of  a 
sudden,  and  forever  after  a  certain  time  (nothing  being  done  to  steril- 
ize the  materials),  the  number  of  bacteria  in  the  filtered  water  went  on 
diminishing  daily  until  it  became  as  low  as  in  the  applied  water  and 
continued  practically  sterile  for  months,  although  the  applied  water 
after  the  first  month  contained  a  very  large  number  of  bacteria? 

A  plausible  explanation  is  to  be  found  in  the  fact  that  when  granular 
materials — sand  or  charcoal— are  new  the  grains  are  surrounded  with 
dust  partly  made  up  of  dry  germs.  These  dry  germs, may  be  compared 
to  dry  seeds,  which,  as  pointed  out  by  Tyndall,  when  in  contact  with 
water,  are  softened  and  incubated,  as  it  were,  and  they  become  fall- 
grown  bacteria.  In  this  state  of  life  they  either  go  out  with  the 
filtered  water,  or  die  in  the  sand  without  progeny. 

The  speaker,  therefore,  suggests  that  the  true  explanation  of  the 
•'  ripening  "  of  filters  is  to  be  found  in  the  gradual  elimination  of  the 
original  or  "constitutional"  gorms  existing  in  materials  which  have 
been  exposed  to  the  dust  of  the  air  previous  to  being  used  in  filters. 

S#me  of  the  speaker's  experiments  would  appear  to  strengthen  this 
view.  One  of  the  sand  filters  which  had  been  "ripened,"  as  already 
explained,  and  was  giving  perfectly  pure  water  during  more  than  one 
month,  was  placed  out  of  service,  the  old  sand  was  carefully  taken  out 
and  a  thin  layer  of  small  pebbles,  which  had  not  been  washed  or  used 
before,  was  placed  at  the  bottom  of  the  filter,  and  the  old  'ripe  "  sand 
put  back  agnin  over  the  pebbles.  During  the  following  days  the  filtered 
water  became  very  rich  in  bacteria,  and  it  was  more  than  a  fortnight 
before  the  filtrate  was  as  free  from  bacteria  as  the  applied  water. 

The  ripening  of  filters,  therefore,  would  seem  to  consist  in  freeing 
the  sand  from  air  germs  and  not  in  charging  it  with  water  bacteria. 
This  is  but  an  idea,  for  which  the  speaker  has  given  his  reasons,  and  it 
is  submitted  for  consideration. 
Mr.  Harrison.  C.  L.  Harrison,  M.  Am.  Soc.  C.  E.—  This  paper  presents  the  mod- 
ern design  and  construction  of  the  mechanical  filter,  and  is  a  valuable 
addition  to  the  literature  on  the  subject  of  water  purification.  The 
construction  is  substantial  and  cleanly,  and  the  design  is  in  accord- 
ance with  the  best  recent  knowledge  of  this  subject. 
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There  is  one  marked  difference  between  the  design  of  this  plant  Mr.  Harrison, 
and  of  those  which  were  constructed  a  few  years  ago.  In  the  older 
plants  the  coagulant  was  introduced  directly  into  the  filtering  tanks, 
while  in  this  one  it  is  mixed  with  the  raw  water,  which  is  then  allowed 
to  pass  through  a  subsiding  basin,  from  which  it  is  taken  to  the  filtering 
tanks.  This  is  an  important  feature  of  the  design,  as  Table  No.  4 
shows,  for  the  months  of  October,  November  and  December,  1902,  and 
January,  1903,  that  83,  68,  67  and  58%,  respectively,  of  the  bacteria 
in  the  raw  water  were  removed  before  the  water  left  the  subsiding 
basin;  and,  in  addition  to  this,  the  sludge  is  deposited  in  this  basin, 
instead  of  in  the  filtering  tanks,  where  it  would  clog  the  sand  and 
necessitate  more  frequent  washings.  Some  experiments  made  by  the 
speaker  a  few  years  ago  show  clearly  the  great  value  of  the  subsiding 
basin,  and  indicate  that  one  large  enough  to  require  more  than  one 
hour  for  the  water  to  pass  through  it  would  be  desirable.  The  effect 
of  the  basin  would  be  increased  very  much  by  taking  the  water  from 
it  at  points  near  the  surface.  The  plans  do  not  seem  to  indicate  how 
this  is  done,  and  perhaps  the  author  will  give  some  further  informa- 
tion on  the  subject.  By  using  a  subsiding  basin  of  proper  size,  the 
action  of  the  coagulant  can  be  entirely  completed  before  the  water 
reaches  the  filtering  tanks,  and  the  sludge  be  deposited  in  the  basin, 
thus  increasing  the  efficiency  of  the  plant  in  removing  the  bacteria 
and  reducing  to  a  minimum  the  quantity  of  wash- water  required. 

J.  Waldo  Smith,  M.  Am.   Soc.  C.  E. — Since  the  end  of  the  six  Mr.  Smith, 
months'  experimental  period  mentioned  in  the  paper,  there  has  been 
one  month  of  normal  operation  of  this  filter  plant.     During    that 
month — March,  1903 — the  quantity  of  coagulant  was  about  15%   in 
excess  of  the  expected  average. 

The  average  quantity  of  wash- water  has  been  about  normal;  and 
the  plant  has  been  operated  at  about  one-third  of  its  normal  capacity. 

The  cost  par  million  gallons  of  filtered  water  delivered  into  the 
pipes  (wash- water  deducted)  has  been  as  follows: 

Labor , 31.22 

Coagulant 1.60 

Heat      0.25 

Power 0.12 

Total 33.19 

If  the  quantity  of  water  filtered  was  twice  as  great  as  at  present, 
the  labor  item  in  the  above  cost  would  not  be  increased.  The  cost  of 
coagulant  would  be  in  proportion  to  the  quantity  of  water  filtered, 
and  the  heat  and  power  items  would  be  increased  only  slightly.  In 
fact,  the  heat  item  for  March  is  greater  than  the  average  per  month 
throughout  the  year. 

Under  these  conditions,  which  will  probably  obtain  within  a  year, 
the  cost  per  million  gallons  would  be  about  32.50,  instead  of  33.19,  as 
stated  above. 
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Mr.  Weston.  R.  S.  Weston,  Assoc.  M.  Am.  Soc.  C.  E. — This  excellent  paper  pre- 
sents few  points  which  cau  be  criticized  unfavorably. 

Passing  by  the  discussion  of  the  construction  of  this  intricate 
monolith,  and  considering  the  operation  of  the  plant,  one  is  impressed 
by  the  care  taken  in  the  design  to  have  everything  convenient  for 
the  operator.  Those  who  have  had  to  do  with  the  operation  of  rapid 
filters  have  been  impressed  by  the  great  loss  of  time  and  consequent 
cost  incurred  for  the  opening  and  closing  of  valves  during  the 
washing  of  the  sand  layer;  but  when  one  goes  to  Little  Falls  and  sees 
how  easily  the  filters  are  operated,  how  little  labor  is  performed  to 
obtain  the  required  results,  he  is  filled  with  admiration  for  the  work. 

The  speaker  has  made  several  visits  to  Little  Falls,  both  during 
the  construction  and  during  the  operation  of  the  filter  plant,  and  he 
doubts  if  any  municipal  structure,  built  during  the  last  few  years. 
has  had  in  it  so  few  things  which  have  had  to  be  changed  after  the 
completion  of  construction,  notwithstanding  that  the  Little  Falls  con- 
struction represents  many  new  departures. 

The  chief  of  these  departures— the  use  of  air  as  an  agitator,  during 
the  washing  process — permits  the  rectangular  construction  of  the 
filter  tanks,  thereby  enabling  one  to  increase  the  size  of  the  units 
(tanks)  and  to  abandon  the  short-lived  mechanical  agitator  and  the 
space  consuming,  round  filter  tank. 

The  speaker  happened  to  be  in  Little  Falls  before  the  gravel  was 
put  into  the  filters,  and  while  the  air  and  water  distribution  systems 
were  being  tested.  The  efficiency  of  these  devices  was  excellent. 
The  water  appeared  at  every  strainer  at  about  the  same  time,  and  the 
spray  from  the  strainers  appeared  to  cover  the  whole  bottom  of  the 
filter,  when  viewed  from  above.     The  air,  also,  was  well  distributed. 

The  gain  in  efficiency  at  Little  Falls  due  to  the  use  of  air  agitation 
is  well  showTn  in  the  tables.  "Whether  this  agitation  by  air  or  by 
means  other  than  water  currents  is  necessary  in  all  filter  plants — that 
is,  enough  to  justify  its  cost — is  a  question.  The  water  at  Little 
Falls  might  be  called  fibrous.  It  contains  much  vegetable  and 
amorphous  matter,  which  makes  a  felt  on  the  sand  layer  during  filtra- 
tion, and  which  must  be  removed  continuously  with  each  washing,  in 
order  to  maintain  the  sand  layer  at  its  highest  efficiency.  The  use  of 
air  agitation  breaks  up  this  felt  and  the  concretions  of  aluminum 
hydrate,  amorphous  matter  and  sand,  and  reduces  all  the  matter  to 
particles  of  such  a  hydraulic  value  that  they  can  be  removed  more 
readily,  subsequently,  with  the  wash-water.  Whether  agitation  would 
be  necessary  with  a  water  containing  only  crystalline,  silty  and  finely 
divided  suspended  matter  (which  does  not  seem  to  form  a  mat  or  felt 
on  the  surface  of  the  filter),  and  where  the  expense  of  the  agitator  is  a 
consideration,  must  be  left  to  the  future  and  to  the  larger  plants  for  its 
solution. 
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Certainly,  the  experience  which  will  undoubtedly  be  gained  from  Mr.  Weston, 
the  operation  of  this  plant  will  establish  the  system  of  rapid  filtration 
upon  a  firm,  rational  and  scientific  basis,  and  it  must  be  felt  by  all 
that,  at  least  after  the  proposed  plants  at  Louisville,  Cincinnati  and 
New  Orleans  are  completed,  it  wdl  be  possible  for  engineers  to  design 
rapid  niters  with  little  or  no  chance  of  failure,  provided  all  the  local 
conditions  are  studied  carefully. 

Regarding  the  preparation  of  sand  for  a  rapid  filter,  the  speaker 
agrees  with  Mr.  Fuller  that  it  is  necessary  to  have  a  uniform  sand,  of 
medium  size,  practically  free  from  particles  finer  than  0.25  mm.  in 
diameter.  To  obtain  sand  of  this  character  is  a  hard  task.  Of  late 
the  speaker  has  been  attempting  to  devise  an  apparatus  for  the  removal 
of  the  fine  particles,  the  "dust,"  from  a  lot  of  sand.  This  means 
that  all  particles  which  would  pass  through  wire- cloth  with  80  meshes 
to  the  linear  inch  must  be  removed.  Given,  dry  sand,  it  is  a  simple 
problem  to  separate  particles  which  would  pass  through  a  screen  with 
60  meshes  to  the  inch,  but  a  much  more  difficult  one  if  finer  screens  are 
tried. 

Thinking  that,  perhaps,  the  best  method  was  to  dry  the  sand  and 
pass  it  through  a  screen,  the  speaker  designed  a  hexagonal  rotary 
screen,  4  ft.  in  diameter  and  9  ft.  long.  The  frame  of  this  device 
carried  two  concentric,  hexagonal,  wire-cloth  screens,  the  inner  of  No. 
20  and  the  outer  screen  of  No.  80  mesh.  The  screen  made  about  thirty 
revolutions  per  mjnute.  It  was  cleaned,  from  the  outside,  by  a  jet  of 
compressed  air. 

The  sand  was  heated  to  a  temperature  of  from  300  to  400°  Fahr. , 
and  was  thoroughly  dry.  It  was  then  fed  into  one  end  of  the  screen 
at  the  rate  of  about  22  cu.  ft.  per  hour.  The  results  were  unsatisfac- 
tory. The  fine  screen  clogged  quickly— so  quickly,  in  fact,  that  it  became 
useless  after  a  few  days.  For  the  first  three  or  four  days,  with 
constant  watching,  one  could  get  proper  sand  at  a  cost  of  about  $10  a 
cubic  yard;  and,  by  the  way,  810  a  cubic  yard  is  not  a  high  estimate 
for  rapid-filter  sand.  At  present  a  winn owing-device  is  being  tried; 
the  first  work  is  satisfactory,  and  the  cost  of  operation  reasonable.  It 
is  hoped  that  the  solution  of  the  problem  lies  along  these  lines,  as 
separation  by  hydraulic  means  is  practicable  only  where  water  is  cheap 
and  abundant. 

This  paper  reflects  great  credit  on  its  author,  his  associates,  the 
filter  company  and  all  others  concerned  in  the  design  and  construc- 
tion of  this  excellent  work. 

Geobge  C.  Whipple,  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  has  Mr.  Whipple, 
been  privileged  to  follow  the  construction  of  the  Little  Falls  filter 
plant  from  the  beginning,  and  to  witness  its  successful  operation. 
To  say  simply  that  it  is  a  success  would  be  faint  praise,  indeed.     It  is 
the  first  adequate  demonstration  of  the  principles  of  mechanical  filtra- 
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Mr.  Whipple,  tion  applied  on  a  large  scale,  and  its  many  unique  features  distinguish 
it  sharply  from  the  conventional  type  of  mechanical  filters  used  here- 
tofore. 

Among  the  features  which  have  interested  the  speaker  especially 
are  those  which  appertain  to  the  filter  proper,  namely,  the  sand,  the 
gravel,  the  strainer  system,  and  the  application  of  compressed  air  as 
an  aid  in  sand  washing.  These  details  seem  to  have  been  arranged 
with  great  care,  and,  in  themselves,  are  sufficient  to  render  this  plant 
unique. 

The  fact  that  so  little  sand  has  been  lost  during  the  washing  pro- 
cess is  proof,  not  only  of  delicate  design,  but  of  careful  operation. 
This  fact  appeals  to  the  speaker  all  the  more  strongly,  perhaps,  be- 
cause he  has  recently  had  experience  with  a  mechanical  filter  in  which 
the  quality  of  the  sand  was  poor  and  the  method  of  sand-washing  was 
imperfect.  In  this  plant  the  compressed  air  and  wash-water  were 
applied  to  the  bed  simultaneously,  with  the  result  that  in  a  short 
period  of  a  few  months'  time  so  much  fine  sand  was  lost  that  the 
effective  size  increased  from  about  0.30  to  about  0.60.  It  is  certainly 
more  scientific  to  use  sand  of  a  proper  size  and  adjust  the  wash-water 
conditions  so  that  no  sand  may  be  lost  than  it  is  to  use  a  cheap,  im- 
properly graded  sand  and  depend  upon  the  wash-  water  to  remove  the 
fine  material. 

The  speaker  agrees  with  those  who  have  already  spoken  that  it  is  a 
matter  for  congratulation  that  the  Little  Falls  filter  has  been  tested  so 
carefully.  While  many  data  are  available  for  experimental  plants, 
there  are  comparatively  few  mechanical  filters  which  have  been  tested 
adequately.  It  is  only  by  the  publication  of  such  results  that  the 
popular  prejudices  against  mechanical  filters  can  be  swept  away. 
Take,  for  instance,  the  matter  of  alum.  The  speaker  supposes  that 
there  is  no  engineer  who  has  recommended  the  installation  of  a  me- 
chanical filter  but  has  had  to  contend  with  the  popular  prejudice 
against  the  use  of  alum,  and  who  has  not  been  told,  in  cities  where 
such  plants  have  been  installed,  that  the  consumers  could  taste  the 
alum — sometimes  even  before  it  was  used. 

The  fact  that  it  is  possible  to  prevent  undecomposed  alum  from 
passing  through  a  mechanical  filter,  even  though  the  alkalinity  of  the 
original  water  be  low,  is  demonstrated  by  the  five  thousand  tests 
which  have  been  made  at  Little  Falls.  This  is  something  to  which 
engineers  can  "  point  with  pride,"  and  the  operators  can  take  as  much 
credit  for  this  as  the  engineers.  Indeed,  it  cannot  be  stated  too  em- 
phatically that  the  successful  operation  of  a  mechanical  filter  is 
dependent  upon  the  conscientious  and  unflagging  attention  of  the  op- 
erators, night  and  day,  day  in  and  day  out.  No  mechanical  filter  will 
run  itself.  Even  automatic  devices  must  be  watched.  But,  while  the 
element  of  human  fallibility  is  introduced  in  the  operation  of  a  me- 
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chanical  filter,  more,  perhaps,  than  in  the  case  of  a  sand  filter,  it  must  Mr.  Whipple, 
be  remembered  that  locomotives  and  steam  pumps  and  boilers  need  to 
be  watched,  and  so  does  every  form  of  machinery.  It  is  no  more  diffi- 
cult to  care  for  a  filter  than  to  care  for  pumping  machinery,  and,  with 
the  same  class  of  operators  and  with  suitable  filters,  periods  of  imperfect 
filtration  ought  not  to  be  more  common  than  railroad  accidents.  Just 
as  the  country  has  developed  a  class  of  men  skilled  in  firing  boilers 
and  running  engines,  so  there  must  be  developed  a  class  of  men  skilled 
in  operating  filters.  At  the  present  time  there  is  no  more  promising 
field  for  a  young  graduate  engineer  than  that  of  superintending  the 
operation  of  filter  plants.  Such  men  need  to  have  some  knowledge  of 
chemistry  and  bacteriology — enough  for  them  to  carry  on  certain  simple 
teats  of  the  water  before  and  after  filtration — and  they  should  understand 
the  principles  of  hydraulics  and  be  of  a  mechanical  turn  of  mind.  It 
is  hoped  that  our  engineering  schools  will  take  this  subject  into  con- 
sideration and  see  that  their  students  have  proper  instruction  in  the 
operation  as  well  as  in  the  design  of  filters. 

William  B.  Fuller,  M.  Am.  Soc.  C.  E.— As  Mr.  Hering  has  well  Mr.  w.  B. 

Fuller 
stated,  the  completion  of  this  plant  stands  as  a  milestone  marking  a 

distinct  progress  in  the  art  of  mechanical  filtration.  In  a  lesser,  though 
still  distinctive,  way  it  stands  as  a  milestone  from  a  constructive 
point  of  view,  in  that  it  has  been  constructed  throughout  almost  en- 
tirely of  concrete.  This  has  been  done  with  an  idea  of  making  the 
entire  structure  as  durable  and  permanent  as  possible,  and  it  is  this 
part  of  the  work  to  which  the  speaker  now  wishes  to  refer. 

The  substructure  of  the  plant,  that  is,  the  portions  acting  as 
coagulating  basins  and  clear  wells,  \s  built  as  a  gravity  section  of  con- 
crete in  mass,  without  iron.  The  filters  over  the  clear  well,  the  walls 
of  the  building  proper,  and  of  the  monitor,  are  also  built  of  concrete, 
with  steel  rods  embedded  throughout  the  mass.  All  floors  and  parti- 
tions, as  well  as  the  benches  and  chemical  hoods  in  the  laboratories, 
stairways  between  different  levels,  mixing,  solution  and  chemical 
•tanks,  and  columns  and  girders  throughout,  are  also  of  concrete  con- 
struction. 

In  relation  to  this  construction  there  are  a  number  of  unusual  fea- 
tures. The  floor  over  the  coagulating  basin  is  designed  for  a  load  of 
350  lbs.  per  square  foot,  and  consists  of  two  spans  of  24  ft.  each,  the 
interior  ends  of  the  floor  beams  resting  on  concrete  girders,  resting  in 
their  turn  on  concrete  columns  from  the  bottom  of  the  basin  43  ft. 
deep.  These  columns  average  42  ins.  square,  and  sustain  an  exterior 
load  of  more  than  10  tons  per  square  foot.  This  is  possibly  as  tall  a 
column  for  sustaining  such  loads  as  has  yet  been  constructed  of  con- 
crete. The  floor  of  this  basin,  while  designed  to  carry  350  lbs.  per 
square  foot,  has  frequently  to  carry  a  loaded  cart,  the  concentrated 
load  on  each  wheel  being  about  1  500  lbs. 
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Mr.  w.  B.  In  one  portion  of  the  plant  there  are  two  mixing  tanks,  which  are 
Fuller.  16  ft  in  diameter  and  16  &  jligilj  containing  about  25  000  galls,  of 
water  each.  They  are  round  tanks,  made  of  concrete  12  ins.  thick, 
the  concrete  surrounding  an  iron  skeleton.  These  tanks  are  tight  and 
safe  with  water  inside  pressing  outward  or  with  water  outside  press- 
ing inward.  They  are  also  set  upon  the  top  of  concrete  posts,  about 
30  ft.  above  the  floor  of  the  coagulating  basin.         * 

The  stand-pipe,  or  tank  into  which  the  river  water  and  the  coagu- 
lant first  enter,  is  10  ft.  in  diameter  and  48  ft.  high,  and  it  is  tight 
with  a  water  pressure  either  inside  or  outside.  It  is  made  of  concrete, 
15  ins.  thick  at  the  bottom  and  10  ins.  thick  at  the  top,  the  concrete 
being  reinforced  with  iron  rods  embedded  therein.  This  entire  tank 
was  built  in  8  hours,  all  the 'concrete  being  placed  from  the  top,  and 
'  thus  falling  the  full  depth  of  43  ft.  when  the  tank  was  first  started. 
This  is  contrary  to  the  ideas  of  a  great  many  engineers  in  regard  to 
proper  concrete  construction,  that  is,  to  put  in  a  depth  of  43  ft.  of 
concrete  continuously  without  stopping. 

This  concrete  was  put  in  very  wet,  a  wheel-barrow  load  (5  cu.  ft.) 
at  a  time,  and  was  merely  joggled  to  position.  When  the  forms  were 
removed  the  surfaces  were  absolutely  smooth,  not  a  stone  or  a  void 
showing.  It  had  been  intended  to  plaster  the  inside  surface  of  this 
tank  to  make  it  water-tight,  but  the  plastering  was  omitted  as  being 
wholly  unnecessary. 

An  interesting  part  of  the  construction  is  the  suspending  of  the 
steel  pipes,  66  ins.  in  diameter,  and  full  of  water,  from  stirrups 
fastened  to  the  concrete  floor  beams. 

These  pipes  when  full  weigh  more  than  1  ton  per  linear  fcot,  and 
convey  the  water  from  the  coagulating  basin  to  the  filters;  for  a  part 
of  their  length  they  are  protected  inside  with  a  cement  lining. 

The  filters  themselves,  of  which  there  are  thirty -two,  were  built 
under  a  guaranty  as  to  tightness  and  strength,  the  minimum  sections 
of  concrete  and  metal  having  been  specified  before  bids  were  received. 
As  these  tanks  are  situated  directly  above  the  clear- water  basin,  it  was 
essential  that  they  should  be  absolutely  water-tight.  This  result  was 
secured,  as  a  trip  around  the  clear- water  basin  in  a  boat  failed  to 
detect  any  dripping  from  the  filled  tanks  above.  This  result  was 
secured  first  by  building  each  tank  as  a  monolith,  the  bottom,  sides, 
and  top,  all  at  one  continuous  operation.  They  thus  became  for  all 
intents  and  purposes  like  a  nest  of  boxes,  each  box  being  free  to  move 
by  itself  under  varying  stresses.  Each  tank  was  also  plastered  on  the 
inside  first  with  a  }-in.  coat  of  1  to  1  cement-and-sand  mortar  and  then 
a  J-in.  coat  of  neat  cement  mortar.  This  last  coat,  below  the  sand 
level,  was  stippled  with  a  stiff  corn  broom,  so  as  to  make  the  surface 
very  rough,  to  prevent  the  passage  of  water  between  the  sand  and  con- 
crete sides,  rather  than  through  the  sand. 
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The  conorete  in  the  lower  part  of  the  structure  was  made  in  the  Mr.  W.  B. 
proportions  of  1  part  cement,  3  parts  sand  and  7  parts  stone,  which 
are  rather  unusual  proportions  /or  water-tight  work  under  heads  np 
to  43  ft.  The  idea,  when  the  specifications  were  made,  was  that  it 
would  be  best  to  make  a  water-tight  lining  on  the  inside  of  the  basins 
with  a  very  rich  concrete,  and  make  the  outer  part  of  the  wall  with  a 
poorer  conorete,  in  order  to  save  cost,  the  theory  being  that  if  the  inner 
lining  leaked,  it  would  be  best'  to  have  such  water  pass  out  through 
the  back  of  the  wall. 

In  actual  construction,  however,  it  was  found  that  the  1 :  1J  :  3 
concrete — the  very  rich  concrete  —which  was  used  for  the  lining,  was 
very  difficult  to  place,  and,  as  placed,  it  actually  was  not  as  tight  as  the 
1:3:7  concrete.  The  latter  was  absolutely  water-tight,  as  far  as 
permeability  is  concerned.  What  leaks  there  are  in  the  plant  are  very 
few,  and  they  have  always  occurred  in  joints  or  at  cracks  due  to  tem- 
perature. A  great  deal  of  care  was  taken  in  the  grading  of  the  sizes 
of  the  sand  and  stone,  so  as  to  have  the  voids  filled  very  thoroughly 
before  any  cement  was  placed  in  the  mass. 

L.  L.  Tbibus,  M.  Am.   Soc.  C.  E. — It  seems  that  the  past  has  Mr.  Tribua. 
demonstrated  that  filtration  can  be  effective  for  the  almost  absolute 
removal  of  sedimentary  and  deleterious   organic  matters  in  public 
water  supplies,  and  it  is  also  fully  evident  that  many  surface-water 
and  some  ground-water  supplies,  as  well,  will  soon  have  to  be  filtered. 

There  can  be  no  question  that  with  proper  care  either  the  "  rapid  " 
or  "mechanical  "  process,  or  the  "  slow  "  or,  as  ordinarily  described, 
"sand  process,"  will  be  effective;  one  being,  however,  more  of  a 
straining  method,  the  other  probably  more  thoroughly  bacteriological, 
and  so,  perhaps  better,  from  a  strictly  sanitary  standpoint.  ' 

An  interesting  question,  not  largely  investigated  as  yet,  but  to  which 
special  attention  should  be  given  at  an  early  date,  is  whether  water 
treated  by  the  "  rapid  "  process  will  keep  longer  in  storage  without 
spoiling  than  that  treated  by  the  "  slow  sand  process  "  (the  chemicals 
generally  used  with  the  former  ought  never  to  be  in  such  excess  as  to 
be  in  themselves  a  factor).  Thus  far,  it  has  been  deemed  most 
expedient  to  keep  all  filtered  waters  in  covered  storage  reservoirs  and 
in  relatively  small  quantities  at  that,  but  as  filtration  comes  into  more 
general  use  it  will  be  found,  in  many  instances,  very  desirable  to  have 
the  processes  carried  on  near  the  sources  of  supply,  and  the  filtered 
water  delivered  to  existing  large  open  reservoirs  near  the  point  of  use. 
If  all  filtered  water  is  going  to  deteriorate  seriously  with  such  "  open 
storage  "  more  rapidly  than  would  unfiltered  water,  then  filtration  has 
not  yet  reached  the  point  of  development  which  it  must  reach  for 
universal  application.  If  the  same  water  will  keep  longer  in  good 
condition  after  being  filtered  by  one  of  the  main  processes,  then  that 
process  will  control  the  general  situation. 
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Mr.  Tribus.  At  the  plant  under  discussion,  test  analyses  of  the  raw  water,  the 
water  in  the  coagulating  tank  and  in  the  filtered-water  basin,  haw 
been  made  systematically,  with,  perhaps,  a  few  analyses  of  the  water 
from  the  tap  as  delivered  some  miles  away.  The  results  seem  to  hare 
been  eminently  satisfactory,  but  what  would  the  result  be  if  this  same 
water,  prior  to  its  use,  should  be  stored  for  several  weeks  after  filtra- 
tion, in  an  open  reservoir?  The  question  can  only  be  answered  by 
experiment,  and  it  is  to  be  hoped  that  such  test,  along  the  line  sug- 
gested, will  be  made  by  the  company  whose  plant  has  been  so  well 
designed  and  so  interestingly  described  by  Mr.  Fuller. 
Mr.  Pearae.  Langdon  Peabsb,  Jun.  Am.  Soc.  C.  E.  (by  letter). — There  is  one 
point  in  Mr.  Fuller's  admirable  paper  which  is  not  clear  to  the  writer. 
He  has  been  unable  to  find  any  statement  concerning  the  co-ordina- 
tion of  the  rate  of  application  of  the  alumina  sulphate  solution  to  the 
flow  of  raw  water  through  the  "  alum  "  grid.  .  To  vary  the  application 
of  the  alum  solution  properly,  some  device  is  needed.  In  the  writer  s 
brief  experience  with  a  small  municipal  filter  plant,  a  case  occurred 
where  the  quantity  of  alum  added  to  the  raw  water  was  entirely  too 
small,  simply  because  of  the  impossibility  of  measuring  the  flow  of  the 
raw  water  as  it  passed  the  outlet  of  the  alum  feed.  The  alum  had  to 
be  regulated  by  the  pumpage  from  the  clear- water  well,  which  by 
no  means  corresponded  to  the  flow  of  raw  water  into  the  settling  basin 
during  the  same  interval. 
Mr.  Gregory.  John  H.  Gbegoby,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Thanks 
are  due,  not  only  to  Mr.  Fuller  for  his  valuable  paper  on  the  Little 
Falls  Purification  Works,  but  also  to  Mr.  J.  Waldo  Smith,  Superin- 
tendent and  Engineer,  and  to  the  other  officers  of  the  East  Jersey 
Water  Company,  for  allowing  the  publication  of  such  a  complete  de- 
scription of  the  plant,  and  especially  of  the  results  accomplished 
during  its  first  few  months  of  service.  The  writer  knows  of  no  place 
where  so  much  valuable  information  requisite  for  designing  a 
mechanical  filter  plant  properly  is  available  as  is  given  in  condensed 
form  in  this  paper. 

The  writer  visited  the  construction  work  several  times  during  ite 
early  stages,  and  was  fortunate  enough  to  be  located  so  that  he  could 
visit  the  plant  frequently  during  the  latter  part  of  the  construction,  as 
well  as  since  it  has  been  put  in  service,  and  he  has  made  the  most  of 
these  opportunities  to  study  the  construction  and  operations  in  detail 
The  type  of  construction  adopted  at  Little  Falls  is  radically  different 
from  that  used  heretofore  for  mechanical  filter  plants,  and,  in  the 
opinion  of  the  writer,  is  a  great  improvement  over  that  used  for 
certain  other  plants  built  recently.  The  design  of  mechanical  filter 
plants  in  the  future  will,  it  is  to  be  hoped,  be  modeled,  in  general, 
closely  after  the  Little  Falls  work. 

The  writer  is  a  strong  believer  in  very  wet  concrete,  and  it  is 
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especially  interesting  to  note  that  the  concrete  in  the  main  construe-  Mr.  Gregory, 
tion  at  Little  Falls  was  mixed  so  wet  that  the  workmen  had  literally 
to  wade  through  it.  Concrete  thus  mixed  requires  very  little  tamp- 
ing, rather  a  joggling  of  the  whole  mass  into  position,  and  the  engi- 
neer can  feel  assured  that  he  will  get  a  satisfactory  piece  of  work,  and 
that  when  the  forms  are  taken  down  the  exposed  faces  will  present  a 
smooth  appearance  and  be  free  from  voids.  This  smooth  appearance 
was  characteristic  of  the  work  at  Little  Falls.  Although  it  is  im- 
possible now  to  inspect  very  much  of  the  heavy  walls,  yet  certain 
portions  are  still  exposed,  namely,  those  shown  below  the  super- 
structure in  the  views  on  Plate  XVIII,*  and  a  visitor  to  the  plant  who 
is  interested  in  concrete  construction  will  be  well  repaid  by  examin- 
ing these  walls  carefully.  They  have  not  been  touched  in  any  way 
since  the  forms  were  first  taken  down. 

It  is  common  practice  in  filter  construction  to  take  certain  precau- 
tions to  prevent  the  raw  water  from  passing  down  too  rapidly  along- 
side the  walls.  At  Little  Falls,  as  has  been  stated,  the  inner  walls  in 
the  filter  tanks  below  the  sand  surface  were  roughened  by  stippling 
with  a  wire  brush  before  the  plastering  had  set.  The  surface  thus 
produced  was  very  rough,  and,  in  fact,  for  the  end  desired,  was  the 
most  satisfactory  surface  which  the  writer  has  ever  seen. 

In  designing  the  concrete  walls  and  piers  for  the  slow  sand  filters 
at  Philadelphia,  the  writer  advocated  a  slightly  different  method  of 
procedure.  The  exposed  faces  of  the  piers  and  walls  below  the  sand 
line  were  to  be  floated  with  a  thin  plaster  of  Portland-cement  mortar, 
and  then,  before  this  plaster  had  set,  were  to  be  dashed  with  sand. 
The  necessary  clauses  providing  for  this  were  inserted  in  the  specifi- 
cations. After  the  construction  was  under  way,  of  course  the  attempt 
was  made  to  carry  out  this  provision  of  the  specifications.  The  writer 
was  not  in  charge  of  the  construction,  but  visited  the  work  frequently 
to  watch  its  progress  and  the  methods  used  by  the  contractors.  The 
sanding  of  the  surfaces,  as  actually  done,  could  hardly  be  said  to  be 
satisfactory,  but,  in  the  opinion  of  the  writer,  this  was  due  entirely 
to  the  method  of  doing  the  work.  The  writer  had  seen  surfaces  else- 
where which  had  been  finished  rough  by  being  dashed  with  sand, 
namely,  the  coping  and  exposed  faces  of  small  concrete  retaining- 
walls,  and  surfaces  similar  to  these  the  writer  had  in  mind  when  the 
specifications  were  written.  Recently,  he  has  heard  that  the  attempt 
to  sand  these  surfaces  has  been  abandoned,  and  that  they  are  finished 
smooth,  but  trusts  that  he  has  been  misinformed  in  this  particular. 
In  his  opinion  it  would  be  much  better  to  leave  the  rather  rough  sur- 
face produced  by  the  common  wooden  float  than  to  trowel  them 
smooth ;  or,  better  still,  to  roughen  them  by  stippling  with  a  wire  brush, 
as  was  done  at  Little  Falls. 

*  Proceedings,  Am.  Soc.  C.  EM  for  February,  1908,  p.  171. 
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Mr.  Gregory.  The  idea  of  using  hydraulic  valves  instead  of  the  ordinary  hand- 

operated  valves  was  a  happy  one,  and,  at  a  glanee,  will  be  apparent 
to  anyone  who  can  watch  the  daily  operations  at  Little  Falls  and  at 
other  plants.  The  ease  with  which  the  valves  are  controlled  was 
brought  home  to  the  writer  very  forcibly  a  few  weeks  ago.  He  had 
occasion  to  conduct  a  series  of  experiments  at  a  mechanical  filter  plant 
in  which  it  was  necessary  to  open  and  close  a  valve  at  frequent  inter- 
vals to  oontrol  the  supply  of  water.  The  valve  had  the  ordinary  hand- 
wheel,  and  it  turned  very  hard,  as  the  stem  was  bent  slightly. 

All  took  turns  at  handling  the  valve,  and  the  time  and  labor  con- 
sumed was  anything  but  pleasant,  to  say  nothing  of  the  comments 
which  were  forthcoming. 

The  use  of  air  for  agitating  the  sand  layer  has  proved  successful. 
Many  times  the  writer  has  watched  the  application  of  air  to  the  various 
tanks,  in  the  ordinary  operations  of  washing,  when  the  tanks  have 
been  only  partly  filled  with  sand,  and  with  no  sand  when  the  strainers 
have  been  covered  with  only  a  few  inches  of  water.  When  the  air  is 
turned  on,  it  naturally  finds  a  relief  through  the  nearest  outlets,  and 
the  thought  passes  rapidly  through  one's  mind,  "  Will  it  come  out  all 
over  the  bed? "  But  this  is  answered  at  once  by  the  almost  instant 
agitation  of  the  water  surface  at  all  points,  and,  as  far  as  the  eye  can 
judge,  with  a  perfectly  uniform  distribution. 

The  experiments  indicate  that  at  Little  Falls  the  use  of  air  for 
agitation,  in  addition  to  that  produced  by  the  wash- water,  is  of  advan- 
tage; but  it  may  be  that  at  some  other  place,  with  a  different  water,  the 
air  could  be  dispensed  with,  reliance  being  placed  on  the  wash-water 
alone.  Engineers,  however,  would  hesitate  to  design  a  plant  to 
operate  under  such  conditions  without  first  having  demonstrated  its 
feasibility  by  a  series  of  carefully  conducted  experiments. 

The  Little  Falls  plant  is  thoroughly  up  to  date,  but  experience 
indicates  that  here,  as  with  nearly  all  work,  improvements  can  be 
made.  In  the  case  in  question,  however,  they  are  entirely  of  a  minor 
nature,  and  do  not  affect  the  work  as  a  whole. 
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.-/ 


Irving  P.  Chubch,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — The  author  Mr.  Church, 
has  presented  a  derivation  of  the  "Fraenkel  Formula," 

Mmdx 

-JBI~'  (3) 

o 
which  seems  to  the  writer  to  be  lacking  in  rigor;  or  at  least  would 
probably  be  so  considered  by  a  reader  not  familiar  with  the  books  on 
"  Least  Work  "  by  Castigliano  and  Martin,  and  who,  therefore,  might 
be  unable  to  " read  between  the  lines." 

For  mathematical  purposes,  an  auxiliary  force  is  supposed  to  be 
applied  to  the  beam  at  the  point  whose  deflection  is  desired,  in  addi- 
tion to  the  actual  loading.  Now,  this  force  should  ultimately  be 
reduced  to  zero  (as  in  similar  demonstrations  by  Castigliano)  before  a 
result  can  be  reached  that  will  be  rigorously  applicable  to  the  beam 
under  actual  loading  alone.  Such  an  ultimate  reduction  to  zero  is 
presumably  implied  by  the  author  in  the  evident  assumption  that  the 
effect  of  the  bending  moment  due  to  the  auxiliary  force  in  the  produc- 
tion of  the  change  of  length,  A,  in  fiber,  is  negligible.  Strictly,  if  M' 
denote  the  bending  moment  due  to  the  auxiliary  force  alone,  we  should 

have 

(M+3P)t/dx    .     .      ,    tMydx 
X  =  K  —^-jfi-^—;  instead  of  — ■*  f-. 


*  This  discussion  (of  the  paper  by  C.  W.  Hudson,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceeding*  for  March,  1908),  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  June  86th,  1908,  will  be  published 
subsequently. 
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Mr.  Church.  To  ignore  the  M*f  then,  when  added  to  the  M  (moment  due  to  actual 
loading),  is  to  anticipate  the  final  redaction  to  zero  of  the  auxiliary 
force.  But  in  the  demonstration,  as  presented  by  the  author,  the 
.  auxiliary  force  used  is  one  of  unity,  which,  of  course,  cannot  be 
reduced  to  zero;  and  nothing  is  said  as  to  any  change  of  value  on  the 
part  of  this  force. 

To  the  writer,  this  obscurity  seems  entirely  unnecessary,  and  he 
would  suggest  the 'following  changes  in  the  details  of  the  argument: 
Let  the  auxiliary  force  at  the  point  in  question  have  a  value  of  Q  units: 
and  let  A'  be  *ne  deflection,  in  the  direction  of  this  force,  of  the  point 
of  application;  as  due  to  the  combined  action  of  Q  and  the  actual 
loading. 

Under  these  circumstances,  if  M*  is  the  bending  moment  at  any  sec- 
tion as  due  to  Q  alone,  the  final  stress  in  any  fiber,  as  due  to  Q  alone, 

M'v 
will  be  — -j  ;  and  hence,  eventually,  the  internal  work  due  to  Q  alone, 

in  the  simultaneous  and  gradual  application  of  both  Q  and  the  actual 
loading,  will  be,  for  the  whole  beam 

rl  {M+  M')  M*  dx 
W  =  J  0 2E~I / Q"\ 

while  the  external  work  of  Q  will  be 

W>  =  £A' (2a) 

Equating  these  values  of  W  and  W,  we  have 

gA'  _     pl  (M+M')  M'dx 
2      ~~  J  o  2EI 

If,  now,  we  define  a  quantity,  w,  as  being  the  rate  at  which  Q  pro- 
duces the  bending  moment,  JIP,  in  any  section;  in  other  words,  if  we 
state  that  the  value  of  M'  is  at  the  rate  of  m  foot-pounds  moment  for 
each  pound  (or  other  unit)  in  the  value  of  Q,  we  may  write  M '  •=  Q*t{ 
whence 

CA'=C    rl  (M+Qm)mdx ^ 

2  J    o  2  E I 

In  this  expression  it  is  to  be  specially  noted  that  m  is  a  function 
simply  of  the  position  of  Q  (being  numerically  equal  to  the  bending 
moment  that  would  be  produced  at  any  section  by  a  force  of  unity  at 
the  point  in  question),  but  that  it  is  not  a  function  of  the  magnitude 
of  Q. 

Equation  26  may  now  be  written 

<v '  -    C l  (M-f  Qm)mdx  (2r) 

A   -  J   o"  EI    -        ' 

and  is  evidently  available  lor  determining  the  deflection  of  the  point 
of  application  of  Q,  in  direction  of  Q,  as  due  to  both  the  original  load- 
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ing  and  the  force  Q  itself;  Q  having  any  value.     If,  now,  Qbe  made  Mr.  Church, 
equal  to  zero,  the  equation  takes  the  form 

A  rl  Mmdx  /Q> 

A=y  0-xr-' <8> 

the  quantity,  m,  retaining  its  first  value,  since  it  is  independent  of  the 
magnitude  of  Q,  while  A  denotes  the  deflection  of  the  point  in  ques- 
tion, as  due  to  the  original  loading  alone.  In  this  way  it  would  seem 
that  all  obscurity  in  the  derivation  of  the  "Fraenkel  Formula  "  might 
be  avoided.  It  can  easily  be  shown,  however,  that  Equation  2c  is,  after 
all,  nothing  more  than  an  expression  of  the  fact  or  theorem,  proved  by 
Castigliano  and  others,  that  the  deflection  or  displacement  (in  the 
direction  of  the  force)  of  the  point  of  application  of  a  force,  Q,  acting 
with  other  forces  on  an  elastic  beam,  is  equal  to  the  derivative  (or 
"  differential  coefficient ")  of  the  total  internal  work  of  the  beam,  with 
respect  to  the  force,  Q.  For  it  will  be  noticed  that,  if  M"  be  used  to 
denote  the  bending  moment  at  any  section,  as  due  to  all  the  loads, 

d  M" 
including  Q  (that  is,  let  M"  =  M  +  Q  to),  we  have  -ryr"  =  w»;  and 

hence  Equation  2c  becomes 

/l  M"  rd  M"  \  , 
0-Ei{*rq-)d* ,2d> 

Now,  the  total  internal  work  of  flexure  for  the  beam  (as  far  as  bend-, 
ing  moments  are  concerned)  is  known  to  be 


7'  =    I     — 

J     O 


2  EI 


and  hence,  by  Castigliano's  Theorem,  just  mentioned,  we  have,  for  the 
deflection,  /\\  at  the  point  of  application  of  Qt 

A         dQ  ' 
that  is, 

rlTa  no,  dM"-\    dx  rlM<  ,dM'\^ 

which  is  seen  to  be  identical  with  Equation  2d. 

It  follows,  therefore,  that  the  quantity,  w,  while  numerically  equal 
to  the  bending  moment  that  would  be  due  to  a  force  of  unity  at  the 
point  of  application  of  Q  and  having  the  same  direction,  is  simply  the 
derivative  of  the  total  bending  moment  at  any  section,  with  respect  to 
Q.  As  already  noted,  this  derivative  is  independent  of  the  magnitude 
of  Q  (M"  being  a  linear  function  of  Q),  and  hence  has  the  same  value, 
when  Q  becomes  zero,  as  for  any  other  magnitude.  It  is  thus  seen 
that  the  "  Fraenkel  Formula"  is  a  particular  case  of  "  Castigliano's 
Theorem." 
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Mr.  Church.  While  the  * '  Fraenkel  Formula  "  is  doubtless  the  most  advantageous 
for  the  problems  treated  iu  this  paper,  it  may  be  of  interest  to  call 
attention  to  the  fact  that  the  " Theorem  of  Three  Moments"  (with 
variable  moment  of  inertia),  may  be  used  for  the  same  purpose  (if  the 
influence  of  shear  be  disregarded),  for  the  reason  that  in  its  most 
general  form  this  theorem  relates  to  any  three  points  in  the  elastic 
curve  of  a  bent  beam  (whether  or  not  there  are  supports  at  any  of  these 
three  points) ;  and  that  it  introduces  the  deflection  of  the  intervening 
point  below  the  straight  line  joining  the  other  two.  When  the  theorem 
is  applied  to  Problems  Nos.  1,  2  and  3,  of  the  paper,  the  three  points 
chosen  would  be  the  two  extremities  of  the  beam  (over  the  supports), 
and  the  point  whose  deflection  is  desired.  Under  these  circumstances, 
the  desired  deflection  is  identical  with  that  which  appears  in  the  state- 
ment of  the  theorem,  and  the  end  moments'  are  each  zero;  so  that  a 
solution  is  immediately  effected  for  the  deflection.  A  similar  obvious 
application  may  be  made  for  Problems  Nos.  4  and  5. 
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AUTOMATIC  MODULES 
FOR  REGULATING  THE  SPEED  OF  FILTRATION. 

Discussion.* 


By  John  H.  Gbegoby,  Assoc.  M.  Am.  Soc.  C.  E. 


John  H.  Gregory,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter). — The  Mr.  Gregory, 
author  presents  a  paper  on  a  subject  which  is  of  great  interest  to 
those  who  have  had  occasion  to  design  apparatus  for  regulating  the 
rate  of  filtration. 

The  author  states,  in  the  second  paragraph: 

"  Numerous  forms  of  semi-automatic  apparatus  of  this  description 
have  been  devised,  but  as,  under  the  law  of  the  survival  of  the  fittest, 
they  appear  to  be  doomed  to  speedy  extinction,"  etc. 

It  is  presumed  that  the  author  intends  to  classify  under  "  semi-auto- 
matic apparatus  "  all  apparatus  which  requires  hand  regulation,  and  if 
such  is  the  case,  the  writer  differs  decidedly  from  the  statement  that 
such  apparatus  appears  to  be  doomed  to  speedy  extinction.. 

The  author  goes  on  to  state  that  "at  all  events,  for  the  purpose  in 
view,  it  has  not  been  considered  expedient  to  include  any  special  men- 
tion of  them  (semi-automatic  apparatus)  herein."  The  author's  pur- 
pose was  to  describe  automatic  modules,  as  is  revealed  in  the  title  of 
the  paper,  but  the  writer  thinks  that  it  would  have  been  expedient  to 
describe  some  of  the  forms  of  semi-automatic  apparatus,  point  out  the 
defects  that  may  exist,  and  give  reasons  for  not  advocating  them. 

The  author,  possibly,  is  not  acquainted  with  recent  American  prac- 
tice in  this  line;  but,  if  so,  he  could  not  have  failed  to  note  that  in 
two  of  the  largest  and  most  recent  plants,  which  it  is  hoped  will  be 

♦This  discussion  (of  the  paper  by  Charles  Anthony,  Jr.,  M  Am.  Soc.  C.  E.,  printed 
in  Proceedings  for  February,  1908),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  June  26th,  1903,  will  be  published 
subsequently. 
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Mr.  Gregory,  placed  under  construction  in  the  near  future,  hand  regulation  hat 
been  adopted.  The  writer  refers  to  the  proposed  slow  sand  filters  at 
Pittsburg,  the  construction  of  which,  unfortunately,  seems  to  be  post- 
poned for  some  little  time,  and  to  the  niters  at  Washington,  D.  €., 
contracts  for  which,  according  to  the  latest  press  reports,  have  just  been 
awarded.  While  full  details  of  these  proposed  plants  have  not  been 
published,  sufficient  details  have  appeared  in  American  engineering 
periodicals,  in  the  last  year  or  so,  to  show  that  hand  regulation  has 
been  the  type  adopted.  The  writer-  knows  of  one  other  plant,  which 
has  been  built  during  the  last  year,  in  which  hand  regulation  is  used. 
In  another  large  plant  which  is  to  be  built  shortly,  on  the  details  of 
which  the  writer  was  asked  to  advise,  the  unanimous  opinion  of  all 
concerned  was  in  favor  of  hand  regulation,  and  the  details  for  the 
plant  have  been  thus  drawn.  It  would  seem  from  this  that,  in  the 
United  States,  hand  regulation  or  semi-automatic  apparatus  is  not 
doomed  to  speedy  extinction. 

The  writer  has  had  considerable  experience  in  the  last  few  years  in 
designing  apparatus  of  both  automatic  and  semi-automatic  types,  and 
in  watching  the  operations  of  both,  and  it  may  be  of  interest  to  point 
out  some  of  the  advantages  and  disadvantages  of  each. 

While  connected  with  the  construction  of  the  Albany  nitration 
plant,  designed  and  built  by  Allen  Hazen,  M.  Am.  Soc.  C.  E,,  he  had 
the  opportunity  of  watching  the  daily  operation  of  the  niters  for  sev- 
eral months.  The  apparatus  at  Albany,  as  is  well  known,  consists  of 
an  orifice,  4  ins.  high  and  24  ins.  long,  in  a  fixed  brass  plate,  situated 
in  a  cross- wall  in  the  regulating  chamber.  The  head  on  the  orifice  is 
maintained  at  a  constant  level  by  opening  or  closing  a  valve  on  the 
main  effluent  pipe  from  the  filter.  Suitable  floats,  with  scales  and 
markers,  indicate  the  rate  of  filtration  on  the  filter,  corresponding  to 
the  head  on  the  orifice.  The  apparatus  was  designed  so  that  with  a 
head  of  1  ft.  on  the  center  of  the  orifice  the  rate  of  nitration  would 
be  3  000  000  galls,  per  acre  per  24  hours,  and  the  orifice  was  placed  so 
that  the  loss  of  head  could  reach  a  maximum  of  4  ft.  while  still  main- 
taining the  head  of  1  ft.  on  the  orifice.  The  filters  were  designed  to 
run  at  a  normal  rate  of  3  000  000  galls,  per  acre  per  24  hours,  and  no 
difficulty  was  experienced  in  throttling  the  valve  on  the  effluent  pipe 
so  that  the  head  on  the  orifice  would  be  1.00  ft.,  or,  at  the  most,  1.01 
ft.  The  variation  in  rate  corresponding  to  these  two  heads  is  only  a 
fraction  of  1%,  and  is  so  small  that  it  may  be  neglected. 

After  a  filter  is  scraped,  and  when  it  is  put  in  service,  the  loss  of 
head  is  of  course  small,  only  a  few  hundredths  of  a  foot;  this  increases 
gradually  from  day  to  day,  slowly  at  first,  but  quite  rapidly  toward 
the  last  end  of  the  run  when  the  filter  is  clogged.  The  readings  of  the 
loss  of  head  and  rate  of  filtration  are  taken  every  few  hours,  and.  if 
need  be,  the  effluent  valve  is  opened  slightly  to  bring  the  rate  of  fil- 
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tration  back  to  the  normal  rate  desired,  as  the  rate  drops  off  slightly  Mr.  Gregory, 
daring  the  period.     This  dropping  off  in  rate  is  only  a  small  amount, 
but,  of  coarse,  is  greater  toward  the  last  of  the  run;  in  both  oases, 
however,  it  is  not  sufficient  to  affect  the  quality  of  the  nitrate. 

One  possible  objection  to  hand  regulation  in  separate  regulating 
houses  may  be  raised,  in  that  the  opportunity  is  afforded  the  attendant 
to  be  negligent  in  his  duties  of  regularly  visiting  the  niters,  and  with 
little  chance  of  detection.  The  larger  the  plant,  the  greater  the  objec- 
tion might  be;  but  the  writer  does  not  think  that  it  is  of  sufficient 
importance  to  govern  the  selection  of  the  type  of  apparatus  to  be  used, 
except  under  certain  abnormal  conditions.  He  believes  that  it  is  as 
easy  to  obtain  an  attendant  at  a  filter  plant  who  will  perform  his  duties 
faithfully  as  it  is  to  obtain  a  watchman,  who,  in  an  entirely  different 
kind  of  plant,  will  perform  other  duties  faithfully. 

If,  now,  instead  of  separate  regulating  houses,  a  single  central 
regulating  house  is  used,  to  which  the  effluent  from  each  filter  is 
piped,  especially  if  the  office  is  in  the  same  building,  the  possible 
objection  to  hand  regulation  is  removed.  This  latter  is  an  arrange- 
ment which  the  writer  has  advocated  for  several  years  where  the  general 
lay-out'  of  the  plant  is  such  as  to  admit  of  it. 

Hand  regulation,  whether  in  single  regulating  houses  or  in  a  cen- 
tral one,  is  advantageous  in  one  respect,  in  that  it  requires  periodical 
attendance  at  each  filter,  thereby  ensuring  that  any  irregularity  will 
not  pass  long  unobserved.  With  apparatus  of  the  automatic  type  it 
is  possible,  of  course,  to  lengthen  materially  the  period  between 
observations,  in  fact,  with  the  apparatus  set  at  a  given  rate  to  allow  it 
to  run  until  the  loss  of  head  is  so  great  that  the  filter  goes  out  of  ser- 
vice. Under  this  extreme  condition,  if  anything  went  wrong  it  would 
not  be  known.  On  the  other  hand,  with  satisfactory  automatic  appa- 
ratus, if  for  any  reason  the  attendance  for  a  short  time  is  omitted,  one 
can  feel  reasonably  assured  that  things  are  going  along  all  right. 
While  hand  regulation,  from  its  nature,  requires  periodic  attendance, 
the  writer  is  decidedly  of  the  opinion  that  automatic  apparatus  should 
receive  just  as  careful  attention,  if  the  operation  of  the  plant  is  to  be 
above  criticism. 

The  author  makes  a  very  convenient  classification  of  the  various 
automatic  modules,  and,  as  would  the  writer,  mentions  the  floating 
weir  first,  that  being  the  type  which  would  first  suggest  itself.  In  one 
of  the  figures,  the  author  illustrates  an  apparatus  of  this  type  which 
he  calls  the  Glenfield  Jones,  in  which  the  discharge  is  regulated  by 
varying  the  depth  of  submergence  of  the  weir;  and  in  commenting  on 
this  he  states  that: 

"This,  however,  is  an  imperfect  type,  as  friction  causes  the  weir  to 
be  more  or  less  submerged,  depending  on  whether  it  is  floating  on 
rising  or  falling  water,  and,  furthermore,  the  adjustment  for  varying 
the  discharge  is  cumbersome  and  inconvenient." 
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Mr.  Gregory.  As  to  whether  or  not  apparatus  of  this  type  is  imperfect,  it  would 
seem  to  depend  almost  entirely  on  the  design  of  the  details.  If  the 
sliding  joint  is  arranged  so  that  the  friction  is  an  appreciable  quantity. 
the  apparatus  will  be  more  or  less  imperfect;  bat  experience  seems  to 
indicate  that  the  friction  at  this  point  can  be  reduced  to  such  a  small 
amount  that  it  can  be  neglected.  As  to  whether  or  not  the  adjustment 
for  varying  the  discharge  is  cumbersome  and  inconvenient,  while  it 
may  be  so  with  the  apparatus  illustrated,  it  can  be  said  that  this  also 
depends  entirely  on  the  design  of  the  details.  The  writer  knows  that 
it  is  possible  to  construct  apparatus  of  this  type  so  that  the  adjustment 
is  accomplished  in  the  simplest  manner  possible,  that  is,  by  turning  a 
hand- wheel  on  an  indicator  stand. 

While  considering  this  subject,  it  may  be  of  interest  to  illustrate 
three  sets  of  apparatus  of  this  type  which  were  designed  under  the 
writer's  direction  for  the  slow  sand  filters  at  Philadelphia.  The  figures 
are  only  drawn  in  sufficient  detail  to  indicate  the  general  design  and 
operation  of  the  apparatus. 

In  Fig.  12  is  shown  the  type  which  was  first  designed,  and  which 
is  now  in  use  at  the  six  filters  at  the  Lower  Roxborough  plant.  This 
consists  of  a  circular  copper  float,  F>  in  the  form  of  a  torus,  carrying 
above  and  secured  to  it  a  four-armed  cast-iron  spider,  F,  through 
which  is  threaded  a  stem,  S>  at  the  hub,  A.  On  the  lower  end  of  the 
stem,  St  is  carried  a  smaller  four- armed  spider,  K,  made  of  brass,  so 
joined  to  the  stem  at  B  that  it  can  turn  freely  in  a  horizontal  direction, 
but  without  any  vertical  movement  on  the  stem.  This  spider,  K, 
supports  a  vertical  brass  pipe,  T,  which,  for  convenience,  may  be 
called  the  telescopic  pipe,  the  top  of  which  forms  a  sharp-crested 
weir,  W,  over  which  the  water  flows.  This  telescopic  pipe  is  enclosed 
in  a  cast-iron  casing,  0,  the  lower  end  of  which  connects  with  the  main 
pipe  leading  to  the  filtered-water  basin.  The  telescopic  joint,  J, 
through  which  the  pipe,  T>  passes,  is  a  brass  ring,  and  is  arranged 
with  grooves  so  that  light  packing  could  be  inserted  if  desired.  The 
stem,  S,  is  of  brass,  the  lower  end  only  being  circular  and  threaded; 
above,  it  is  of  square  brass  tubing,  and  passes  up  through  a  circular 
hole  in  the  floor,  which  serves  to  guide  the  stem.  Above  the  floor  is 
placed  an  indicator  stand  with  a  hand-wheel.  The  stem  passes  up 
through  this  stand  without  being  connected  to  it,  the  hub  of  the 
hand-wheel  having  a  square  hole  through  it  slightly  larger  than  the 
stem. 

As  shown,  water  is  passing  over  the  crest  of  the  weir,  thereby  giv- 
ing a  certain  rate  of  filtration  on  the  filter.  If  it  is  desired  to  change 
the  rate,  this  is  accomplished  by  turning  the  hand- wheel  on  the  indi- 
cator stand.  By  doing  so,  the  stem,  S,  is  turned,  and,  as  it  is  threaded 
through  the  spider  at  A>  the  telescopic  pipe,  T,  is  raised  or  lowered 
with  reference  to  the  water  level,   correspondingly   decreasing    or 
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Mr.  Gregory,  increasing  the.  rate.  In  order  that  the  float,  F,  shall  not  turn  with  the 
stem,  a  small  projecting  piece  is  fastened  to  it,  moving  along  the 
guide,  i,  which  is  fastened  to  the  wall. 

The  rate  of  filtration  is  indicated  by  a  pointer  moving  over  a  small 
horizontal  dial  at  G,  directly  under  the  hand-wheel.  The  movement 
of  this  pointer  is  accomplished  by  means  of  a  brass  collar,  with  a  square 
hole,  fitting  around  the  stem,  and  forming  the  worm  of  a  train  of 
gearing.  The  graduation  of  the  dial  is  determined  from  experiment 
rather  than  from  computation. 

The  weak  point  in  apparatus  of  this  type  is,  of  course,  at  the  joint, 
J.  "When  it  came  to  designing  this  joint,  three  styles  were  con- 
sidered, one  being  that  shown,  another  a  thin  plate  with  a  hole  very 
slightly  larger  than  the  telescopic  pipe,  and  the  other  a  cup  leather. 
The  writer  rather  leaned  toward  the  leather  joint  or  the  thin  plate,  but 
after  discussion  it  was  finally  decided  to  adopt  the  one  shown,  with 
the  provision,  however,  that  the  design  should  be  such  that  either  of 
the  others  could  be  substituted  if  it  was  found  desirable.  It  should 
be  remarked  that  with  either  of  the  types  which  do  not  make  a  tight 
joint  at  J,  there  will  be  a  certain  amount  of  leakage,  greater,  of  course, 
at  the  first  of  the  run  when  the  head  is  greater;  but,  in  the  writer's 
opinion,  this  leakage  would  be  so  small,  compared  with  the  amount 
passing  over  the  weir,  that  it  would  not  be  a  serious  matter.  This 
leakage,  however,  is  to  be  avoided  if  possible. 

After  this  apparatus  was  installed  it  was  found  that  with  the  joint 
as  designed  it  did  not  operate  satisfactorily.  The  writer  understands 
that  the  cup  leather  has  now  been  substituted  and  is  giving  very  satis- 
factory results. 

In  designing  both  sets  of  apparatus  it  was  intended  to  provide 
access  for  air  under  the  sheet  of  water,  and  it  was  thought  that  suffi- 
cient opening  had  been  provided  at  the  four  points  where  the  spider, 
K,  was  joined  to  the  pipe.  It  was  expected,  however,  that  there 
would  be  some  entrained  air  carried  along  in  the  solid  column  of 
water  passing  down  through  the  telescopic  pipe,  due  to  the  agitation 
at  the  surface  produced  by  the  falling  sheet  of  water.  In  either  event 
it  was  not  anticipated  that  it  would  amount  to  much.  It  seems  that 
such,  however,  was  not  the  case,  and  that  there  has  been  some  little 
trouble  caused  by  air  being  sucked  in.  The  writer  has  not  had  the 
opportunity  of  studying  the  apparatus  for  any  length  of  time  while  in 
operation,  and  hence  cannot  suggest  what  he  would  consider  the  best 
way  of  remedying  it;  but,  from  his  knowledge  of  all  the  details,  sev- 
eral methods  have  suggested  themselves.  The  trouble  with  the  air  in 
the  water  passing  out  through  the  apparatus,  however,  does  not  affect 
the  satisfactory  operation  of  the  filter. 

When  it  came  to  designing  the  Upper  Koxborough  and  Belmont 
plants  it  was  found  desirable  to  raise  the  elevation  of  the  effluent  pipe 
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leading  from  the  regulating  chambers.  This  resulted  in  a  modifica-  Mr.  Gregory, 
tion  of  the  design  of  the  regulating  apparatus,  which  modification  is 
Bhown  in  Fig.  13.  The  upper  part  of  the  apparatus  is  the  same  as 
that  just  described.  The  change  in  the  lower  part  is  indicated  clearly 
in  the  drawing.  The  object  in  providing  the  internal  casing,  C,  was 
to  prevent  a  possible  cramping  of  the  telescopic  pipe,  T,  in  the  joint, 
J,  due  to  the  lateral  movement  of  the  water  sb  it  passed  out  into  the 
effluent  pipe  leading  from  the  chamber.  This  modified  type  of  appa- 
ratus was  also  included  in  the  designs  of  the  Torresdale  plant,  to  be 
used  for  all  the  niters  except  one,  in  which  was  to  be  installed  a  still 
further  modified  type. 

All  the  apparatus  was  designed  to  run  for  a  maximum  rate  of  fil- 
tration of  6  000  000  galls,  per  acre  per  24  hours,  and  with  a  maximum 
loss  of  head  on  the  filter  of  5 J  ft.  It  is  readily  seen,  then,  that  when 
the  filter  is  first  started  after  scraping,  the  water  passing  over  the  weir 
falls  several  feet,  causing  the  agitation  mentioned  previously.  It 
should  also  be  noted  that  during  the  run  the  telescopic  pipe  has  a 
vertical  movement  corresponding  to  the  total  loss  of  head,  and  a  con- 
sequent variation  in  leakage  if  a  tight  joint  is  not  used  at  «/",  as  before 
stated.  It  was  in  an  attempt  to  improve  both  these  features  that  the 
'  apparatus  illustrated  in  Fig.  14  was  designed. 

The  indicator  stand,  the  stem,  S,  the  joints,  A,  B  and  /,  and  the 
float,  F,  are  the  same  as  described  previously.  The  spider,  K,  is 
lengthened  vertically,  but  has  no  connection  with  the  spider,  Y,  ex- 
cept through  the  stem,  S,  although  the  drawing  might  seem  to  indi- 
cate otherwise.  The  spider,  Y,  is  a  double  one,  the  upper  part  being 
similar  to  the  one  described  previously,  and  serving  the  same  purpose; 
the  lower  part  carries  a  vertical  valve  stem  at  N.  The  telescopic  pipe, 
7',  is  made  much  shorter,  while  the  outlet  casting,  2),  is  quite  different 
in  form.  Below  this  outlet  casting,  D,  there  is  a  solid  plate  with  an 
opening  at  R  for  the  valve  stem,  and  below  the  plate  there  is  a  bal- 
anced piston-valve,  placed  on  the  end  of  the  main  effluent  from  the 
filter.  This  valve  consists  of  a  hollow  internal  cylinder  or  piston,  P, 
with  openings,  surronnded  by  an  annular  casing,  also  with  openings. 
The  position  of  the  piston,  P,  is  controlled  by  the  float,  F.  The 
method  of  changing  the  rate  of  filtration,  as  with  the  other  types,  is 
by  changing  the  level  of  the  crest  of  the  weir,  Wt  relative  to  the 
water  level  in  the  chamber. 

The  operation  of  the  apparatus  may  be  described  as  follows: 
When  the  filter  is  started,  after  scraping,  the  piston,  Pt  will  be  at  its 
lowest  position,  with  its  openings  opposite  those  in  the  annular  casing. 
The  water  will  pass  out  through  the  piston-valve  into  the  chamber, 
rising  up  around  the  float  and  passing  over  the  weir.  "When  the  water 
has  reached  a  sufficient  elevation,  the  float  will  rise,  carrying  with  it 
the  piston,  P,  and  thereby  partly  closing  the  openings  in  the  annular 
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Mr.  Gregory,  casing.  The  float  will  rise  to  such  a  position  that  the  water  discharged 
through  the  piston- valve  will  be  the  same  as  that  passing  over  the 
weir,  in  which  position  the  apparatus  will  be  in  equilibrium.  The  dif- 
ference in  head  between  the  water  level  on  the  filter  and  in  the  cham- 
ber, minus  the  head  lost  in  passing  the  filter,  will  be  used  up  in 
passing  through  the  piston-valve.  At  the  beginning  of  a  run  this 
head  will  be  several  feet,  but  at  the  last  end  will  be  only  a  small 
amount.  If  at  any  time  the  rate  is  changed,  the  position  of  the  float 
and  piston  will  be  altered  slightly  to  correspond  to  the  new  condition 
of  affairs. 

It  will  be  seen,  then,  that  with  this  type  of  apparatus  the  water 
level  in  the  chamber  will  remain  practically  constant,  varying  at  the 
most  only  a  few  inches  instead  of  fluctuating  several  feet,  and  thereby 
giving  practically  a  constant  leakage  at  Jy  if  a  tight  joint  is  not  used. 
The  telescopic  pipe,  T>  will  have  a  vertical  movement  of  only  a  few 
inches,  and  its  length  has  been  reduced  to  a  minimum.  A  cup-leather 
joint,  preferably,  would  be  used  at  R,  to  prevent  leakage  at  this 
point. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  Mr.  L.  M. 
Lloyd  and  Mr.  F.  C.  Dunlap,  his  assistants,  for  several  valuable  sug- 
gestions in  working  out  the  details  of  the  three  types  of  apparatus 
just  described. 

In  conclusion,  the  writer  would  add  to  the  two  requirements 
which  the  author  points  out  should  be  fulfilled  by  automatic  apparatus, 
a  third,  namely,  that  the  loss  of  head  caused  by  the  apparatus  should 
be  reduced  to  a  minimum.  In  the  Philadelphia  designs  it  was  this 
requirement  which  was  the  determining  factor  in  deciding  the  use  of 
the  floating  weir  in  which  the  submergence  of  the  weir  could  be 
varied. 
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A  SMALL  ROCK-FILL  DAM. 
Discussion.* 


By  Samuel  H.  Lea,  M.  Am.  Soc.  C.  E. 


Samuel  H.  Lea,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  un-  Mr.  Lea. 
able  to  see  the  advantage  in  hand-paoking  the  up-stream  portion  of  the 
rock  fill.  The  author  states  that  the  object  was  to  help  to  make  the 
dam  water-tight  by  offering  narrow  and  broken  joints  which  would 
retain  the  matter  carried  in  by  leakage.  This  reason  would  have 
considerable  weight  if  the  up-stream  face  of  the  rock  fill  had  been  left 
exposed  and  free  to  receive  the  full  volume  of  silt  and  suspended 
matter  contained  in  the  water.  As  the  dam  was  backed  with  earth  on 
the  up-stream  side,  the  only  matter  that  could  be  carried  into  the  rock 
fill  would  be  from  the  earth  fill.  This  fill  is  stated  to  consist  almost 
entirely  of  clay,  an  impervious  material  allowing  little  or  no  leakage. 

The  writer  thinks  the  hand-packing  of  the  up-stream  face  of  the 
rook  fill  rather  a  disadvantage,  except  in  the  respect  that  the  portion 
thus  packed  would  naturally  be  of  greater  solidity  and  would  conse- 
quently afford  greater  stability  to  the  structure.  This  effect  could 
have  been  obtained  by  building  the  up-stream  portion  of  the  rock  fill 
with  a  slope  of  1}  to  1  and  placing  the  stone  without  hand-packing. 
This  proceeding  would  have  required  an  additional  quantity  of  stone, 
but  the  cost  of  the  extra  stone  would  have  been  more  than  compensated 
for  by  the  smaller  unit  cost  of  the  stone  in  place  and  by  the  decrease 
in  the  yardage  of  the  earth  fill. 

♦This  discussion  (of  the  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  March,  1908),  is  printed  In  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  June  26th,  1908,  will  be  published 
subsequently. 
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Mr.  Lea.  Ab  constructed,  the  rock  fill  and  the  earth  fill  meet  in  a  compara- 
tively smooth  surface,  affording  no  chance  for  a  bond  or  connection 
between  the  two  substances.  This  surface  constitutes,  in  effect,  a 
plane  of  weakness,  which  is  likely  to  become  a  sliding  plane  if  storm- 
water  or  flood-water  uses  it  as  a  channel  or  duct.  Should  this  occur, 
the  displacement  of  parts  of  the  earth  filling  nearest  the  rock  might 
follow,  and  this  would  cause  settlement  in  the  earth  fill.  If  the  slope 
suggested  by  the  writer — 1J  to  1 — had  been  used,  and  the  earth 
nearest  the  rock  had  been  well  tamped  into  the  interstices  between  the 
stones  and  the  irregularities  of  the  surface,  a  good  bond  would  have 
been  formed  between  the  earth  and  rock  fills  and  the  liability  to  slip 
thereby  lessened.  In  addition,  the  danger  of  the  penetration  of  storm- 
water  or  flood- water  would  have  been  minimized. 

If  preferred  to  have  the  up-stream  face  of  the  rock  fill  hand-packed, 
it  would  have  been  better  to  have  finished  it  in  steps.  The  earth 
filling  next  to  the  stone  could  have  been  selected  clay  carefully 
tamped.  A  good  bond  would  thus  have  been  formed.  The  author 
does  not  state  whether  the  cut-off  trench  was  connected  with  the  dam 
in  any  manner  to  prevent  seepage  over  the  top  of  the  sheet-piling.  To 
insure  water-tightness  the  trench  should  have  been  filled  with  clay 
well  puddled,  and  the  filling  carried  up  over  the  face  of  the  rock  fill 
for  a  foot  or  more,  joining  the  clay  filling  next  to  the  rock  fill. 

In  large  rock-fill  dams,  constructed  in  the  West,  provision  is  gener- 
ally made  for  water-tightness  by  special  constructions,  such  as  timber 
facing,  steel  diaphragms  coated  with  asphalt,  or  by  other  methods. 

The  writer  believes  that  the  methods  suggested  by  him  will  meet 
all  requirements  in  the  case  of  a  small  dam  such  as  that  under  con- 
sideration. 
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NOTE  ON  THE  COEFFICIENT  OF  ELASTICITY  OF 

CONCRETE  AND  MORTAR  BEAMS 

DURING  FLEXURE. 

Discussion.* 


By  W.  K.  Hatt,  Assoc.  M.  Am.  Soc.  C.  E. 


W.  K.  Hatt,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— The  coefficient  Mr.  Hatt. 
of  elasticity  used  ordinarily  by  the  designer  of  steel-concrete  beams  is 
that  for  direct  tension  or  compression.    It  does  not  seem  that  the 
moduli  given  by  Mr.  Falk  are  of  value  for  this  purpose. 

Assuming,  however,  that  the  results  desired  by  the  author  are  use- 
ful, it  appears  that  the  details  of  the  method  of  measuring  deflections 
by  means  of  a  lever  defleotometer  should  have  been  related.  If  this 
lever  was  placed  directly  under  the  beam,  the  amount  of  compression 
at  the  supports  must  have  influenced  the  character  of  the  curves 
shown  in  Fig.  1.  Especially,  in  the  case  of  the  shorter  beams,  is  it 
true  that  the  deflections  are  probably  due  to  compression  at  the  sup- 
port, shear  of  the  beam,  and  bending  of  the  beam.  The  ratio  of  height 
to  span  of  only  1  to  4  in  the  case  of  the  half  beams  is  too  small  to 
yield  proper  values  of  the  coefficient  of  elasticity  in  bending. 

The  author  does  not  describe  the  method  of  calculation  used  to 
determine  the  coefficient  of  elasticity  and  the  extreme  fiber  stress 
quoted  in  Table  No.  1.  If  these  are  the  result  of  the  application  of  a 
formula  that  is  based  upon  an  assumption  of  a  rectilinear  relation  be. 
tween  stress  and  strain  and  of  equal  moduli  in  tension  and  compres- 
sion, it  is  the  writer's  opinion  that  the  results  of  such  computations 
are  of  little  significance. 

*  Continued  from  April,  1908,  Proceedings.  See  February,  1903,  Proceedings  for 
paper  on  this  subject  by  Myron  S.  Falk,  Jun.  Am.  Soc.  C  E. 
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THE  PKESERVATION  OF 
MATERIALS  OF  CONSTRUCTION. 

An  Informal  Discussion.* 


By  Messrs.  James  Forgeb,  William  B.  Webster,  Hobace  J.  Howe, 
Theodore  Belznek  and  William  W.  Crehobe. 


Mr.  Forgie.  James  Fobgie,  M.  Inst.  C.  E.  (by  letter).— Quite  recently,  and  inci- 
dentally, the  writer  mentioned  to  Mr.  Noble  that  he  had  a  piece  of 
iron,  about  200  years  old,  in  the  form  of  a  masonry  cramp  or  bonding 
iron,  approximately  g  x  ]  x  6}  ins.,  with  the  addi- 
tion of  the  ends  turned  down  (Fig.  2),  and  which  is*  x  ** 


*J f  l| 

« «* -3 


he  thought  might  be  worthy  of  testing,  both 
physically  and  chemically. 

Mr.  C.  L.  Harrison  has  suggested  that,  in  Fig.  8. 

view  of  the  discussion  on  "  The  Preservation  of  Materials  of  Construc- 
tion," a  note  of  the  history  of  this  piece  of  iron  might  be  presented, 
and,  probably,  in  view  of  the  gigantic  iron-framed  buildings,  where 
the  iron  is  largely  inaccessible  for  painting,  it  may  be  of  all  the  more 
interest  to  American  engineers. 

In  1899,  while  acting  for  Sir  Benjamin  Baker  and  Messrs.  Hay  and 
Mott  as  Chief  Assistant  Engineer  on  the  City  and  South  London  Deep 
Underground  Bail  ways,  the  writer  found  this  piece  of  iron  within  the 
sandstone  masonry  of  one  of  four  piers  forming  the  pedestals  of  four 
triple  sets  of  stone  Corinthian  columns  which  were  being  underpinned 
to  steel  girders,  in  the  process  of  forming  a  railroad  depot  in  the  crypt 
or  vaults  of  St.  Mary  Woolnoth  Church,  at  the  junction  of  Lombard 
and  King  William  Streets,  facing  the  Bank  of  England,  in  London, 
England. 

♦  Continued  from  the  Proceedings  for  March,  1906. 
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Fig.  1.— Partially  Demolished  Crypt  of  St.   Mary  Woolnoth  Church.     The  Cross 
Indicates  the  Place  from  Which  the  Iron  Cramp  was  Taken. 


Fio.  2.— Iron  Cramp  Taken  from  Masonry  in  Crypt  of  St.  Mary  Woolnoth  Church, 

London,  England. 


Papers.]     DISCUSSION  ON   PRESERVATION  OF  MATERIA  La  571 

From  this  pier  also  radiated  the  vaulting  or  arch  groining  forming  Mr.  Forgie. 
the  floor  of  the  chnrch  and  the  roof  of  the  crypt,  where,  also,  several 
human  bodies  were   found    encased  in    complete  lead-shell  coffins 
embedded  in  the  foundations. 

This  chnrch  was  built  on  the  site  of  a  church  destroyed  previously 
by  the  great  fire  of  London  in  1666,  and  was  designed  by  Nicholas 
Hawksmoor,  a  pupil,  and  eventually  a  contemporary,  of  Sir  Christo- 
pher Wren. 

The  iron  cramp  or  bond  was  wholly  embedded  in  a  horizontal  sand* 
stone  masonry  joint  made  of  lime  (a  hydraulic  and  not  a  pure  lime). 

It  may  be  observed  that  practically  no  oxidation  can  be  discerned 
by  the  microscope.  Attention  is  also  drawn  to  the  pieces  of  lime  still 
clinging  to  the  iron. 

It  may  be  that  the  lime  has  acted  as  a  preservative,  and,  apropos 
of  this,  the  writer  may  be  permitted  to  observe  that  in  1895  a  piece, 
about  12  ins.  square,  of  the  oast-iron  shell  of  the  Tower  Subway  under 
the  Thames,  built  in  1869-70,  was  cut  out  for  the  inspection  of  the 
Arbitrator  in  the  City  of  London  versus  the  Subway  Company.  The 
writer  saw  this  piece  immediately  after  it  was  out  out,  and,  on  remov- 
ing the  shell  of  lias  (hydraulic)  lime  grout  from  the  iron,  the  thin 
coating  of  coal  tar,  which  still  remained  on  the  iron,  smelt  perfectly 
fresh,  and  the  iron  was  in  perfect  condition.  Within  the  past  six  or 
seven  years  the  writer  has  removed  several  hundred  feet  of  other  cast  • 
iron  tunnels  in  the  process  of  enlarging  the  Subway.  These  had  been 
in  place  from  ten  to  twelve  years,  and  the  iron  was  also  found  to  be  in 
a  perfect  state  of  preservation.  The  soil  in  whioh  these  tunnels  are 
built  is  a  stiff  blue  moist  clay. 

On  account  of  the  strong  belief  in  hydraulic  lime  and  Portland 
cement  as  a  preservative  of  iron,  all  the  400  to  500  tons  of  steel  columns 
and  girders  which  now  carry  the  afore-mentioned  church,  over  the 
railway  depot,  were  covered  with  expanded  metal  and  then  wholly 
encased  in  neat  Portland  cement. 

Fig.  1,  Plate  XLII,  is  a  photograph,  of  the  partially  demolished 
vaulting  of  the  church,  on  which  the  place  from  which  the  iron  cramp 
was  taken  is  indicated  by  a  cross.  Fig.  2,  Plate  XLII,  is  a  photograph 
of  the  cramp. 

William  B.  Wbbsteb,  M.  Am.  Soc.  C.  E.  (by  letter). — The  small  Mr.  Webster, 
iron  cramp  referred  to  by  Mr.  Forgie,  whioh  was  subsequently  sent 
to  the  writer  for  test,  seems  to  have  been  originally  f  X  i  in. ,  one  end 
thickened  in  bending  and  the  other  end  considerably  wasted  away. 

Before  testing  the  cramp  the  ends  were  sawn  off,  leaving  them  in 
their  original  condition.  The  material  was  very  hard  in  spots,  and 
three  hack-saws  were  dulled  in  cutting  off  the  ends.  The  body  of  the 
cramp  was  cleaned  of  all  scale  and  mortar  by  light  blows  of  a  ham- 
mer. It  was  rusted  badly  in  some  places  under  the  adhering  mortar. 
In  order  to  grip  it  in  the  testing  machine  it  had  to  be  reduced  in  thick- 


572  DISCUSSION  ON   PRESERVATION   OF  MATERIALS.      [Papet*. 

Mr.  Webster,  ness,  and  on  pulling  developed  a  bad  seam,  otherwise  the  ultimate 
strength  would,  no  doubt,  have  been  somewhat  higher.  The  following 
are  the  results  obtained: 


Area. 

Ultimate 
strength. 

Percentage  of 
elongation  in  2  ins. 

Percentage 
of  reduction. 

0.104  in 

51 296  lbs. 

18.00 

86.8 

Analysis.— Carbon,  0.008^;  sulphur,  Q.Wl%;  phosphorus,  0.060 
per  cent. 

The  writer  is  indebted  to  Mr.  R.  Job,  Chemist  of  the  Philadelphia 
and  Beading  Railroad  Company,  for  the  chemical  determinations. 
Mr.  Belzner.  Theodore  Bblzneb,  Jun.  Am.  Soc.  C.  E.  (by  letter).—  Regarding 
the  steel  beams  taken  out  of  the  sidewalk  vault,  mentioned  by  Mr. 
William  Barclay  Parsons,*  the  writer  would  like  to  know  whether, 
from  Mr.  Parsons'  observations,  these  beams  had  received  a  shop  coat 
of  oil. 

Steel,  embedded  in  concrete,  such  as  grillage  beams,  etc.,  should  be 
cleaned  thoroughly.  The  writer  does  not  think  it  necessary  to  have 
them  painted;  but,  of  course,  this  does  not  apply  to  steel  which  is  par- 
tially embedded  in  concrete,  suoh  as  the  side  columns,  roof  beams  and 
girders  having  exposed  surfaces,  now  being  used  in  the  construction 
of  the  New  York  Rapid  Transit  Subway.  Steel  which  is  partially  em- 
bedded in  concrete  should  be  cleaned  thoroughly,  either  by  the  sand- 
blast process  or  by  brush  and  scraper,  and  then  given  a  good  priming 
coat  of  red  lead,  to  be  followed  by  a  protective  coat  of  some  standard 
carbon  paint. 
Mr.  Howe.  Hokace  J.  HowB,  M.  Am.  Soc  C.  E.  (by  letter).— Reference  might 
profitably  be  made,  it  seems  to  the  writer,  to  the  remains  of  the  habi- 
tations of  the  Ancient  Lake  Dwellers  of  Switzerland,  as  furnishing 
the  best  authentic  instances  of  the  preservation  of  wood  and  other 
substances  under  the  most  favorable  conditions,  from  pre- historic 
times  (in  fact,  from  the  New  Stone  and  Copper  Ages)  up  to  the  present 
time. 

The  building  up  of  the  habits  and  customs  of  that  period,  by 
means  of  somewhat  advanced  Sherlock  Holmes  methods,  is  very  inter- 
esting, but  hardly  calls  for  more  than  a  mention  here. 

In  the  winter  of  1853-54,  the  waters  of  Lake  Zurich  fell  to  a  re- 
markably low  level,  thereby  revealing  certain  piles  in  the  bottom,  at 
no  great  distance  off  shore.  These  piles  proved  to  be  from  15  to  90 
ft.  in  length  and  from  3  to  9  ins.  in  diameter.  They  were  in  rows, 
sometimes  parallel  to  the  shore,  sometimes  at  right  angles  to  it,  and 

*  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1908,  p.  807. 


Papers.]     D1S0U8SI0N  ON   PRESERVATION  OF  MATERIALS.  573 

were  either  firmly  embedded  in  the  mud  or  supported  by  heaps  of  Mr.  Howe* 
stones  at  the  base.    Sometimes  they  were  driven  through  boards 
which  rested  on  the  bottom. 

The  piles  were  braced  together  by  means  of  transverse  beams  with 
wooden-pin  connections,  and  planked  over  so  as  to  form  a  platform 
on  which  the  huts  were  built. 

There  was  also  a  draw-bridge  connection  with  the  shore. 

Few  piles  now  project  more  than  2  ft.  from  the  bottom.  They  are 
saturated  so  thoroughly  with  water  that  they  are  quite  soft.  Some  of 
them  appear  like  needles,  which  elsewhere  have  disappeared  and  left 
only  a  black  disc.  This  is  true,  however,  principally  of  the  oldest, 
those  of  the  Neolithic  Age.  * 

The  point  which  entered  into  the  mud  still  bears  the  marks  of  the 
fire  and  of  tbe  stone  hatchets,  or  later  on,  of  the  metal  hatchets.  The 
manner  of  driving  to  so  great  a  depth  into  the  ground  is  difficult  to 
imagine. 

As  to  the  various  objects  whioh  give  the  key  to  the  doings  of  this 
people,  Sir  John  Lubbock  says  :* 

"  Lying  among  the  piles  are  fragments  of  bone,  horn,  pottery  and 
sometimes  objects  of  bronze.  Most  of  them  are  imbedded  in  the  mud 
or  hidden  under  the  stones,  but  others  lie  on  the  bottom,  vet  unin- 
jured; so  that  when,  for  the  first  time,  I  saw  them  through  the  trans- 
parent water,  a  momentary  feeling  of  doubt  as  to  their  age  rose  in  my 
mind.  *  *  *  The  upper  parts  of  the  objects  also,  which  are 
bathed  by  the  water,  are  generally  covered  by  a  layer  of  carbonate 
of  lime,  while  the  lower  part,  which  has  sunk  into  the  mud,  is  quite 
unaltered." 

In  many  other  Swiss  lakes,  habitations  are  indicated  in  like  man- 
ner, and  it  is  understood  that  the  Swiss  archaeologists  have  made  the 
most  of  a  golden  opportunity.  The  Antiquarian  Society  of  Zurich — 
Keller  and  others*— was  one  of  the  first  to  do  so;  and  it  is  quite  pos- 
sible that  an  official  correspondence  with  that  society  would  be  pro- 
ductive of  results  as  to  the  present  status  of  the  entire  subject. 

William  W.  Cbbhobe,  M.  Am.  Soc.  C.  E.  (by  letter). — In  the  pre-  Mr.  Crehore. 
vious  discussion  of  this  subject  one  point  concerning  the  protection  of 
metals  by  paint  seems  to  have  been  entirely  lost  sight  of.  When  the 
iirst  coat  of  paint  is  applied  to  the  bare  metal,  the  action  is  somewhat 
analogous  to  that  which  accompanies  the  application  of  the  priming 
coat  to  a  piece  of  soft  pine;  the  oil  soaks  into  the  "  pores  "  of  the 
metal  and  carries  the  pigment  with  it.  In  cast  iron  the  action  is  dis- 
cernible to  the  naked  eye,  but  it  takes  place  also  in  steel,  although  to 
a  less  extent,  on  account  of  the  greater  density  and,  consequently,  the 
less  porosity  of  the  latter. 

Obviously,  the  oil  in  a  paint  is  the  conveyer,  or  the  medium  by 
which  the  pigment  is  brought  in  contact  with  the  metal.     The  oil  is, 

*  * '  Pre-Historlc  Times." 


574  DISCUSSION  ON   PRESERVATION   OF   MATERIALS.      [Pa pert. 

Mr.  Crahore,  also,  to  a  certain  extent,  a  protector  of  the  metal  when  it  is  itself  pro- 
tected by  the  pigment.  Pure  oil,  by  itself,  unmixed  with  a  pigment, 
will  protect  the  metal  as  long  as  it  lasts,  but  it  very  soon  evaporates 
and  is  gone.  In  the  mixture  the  oil  which  is  ontside,  next  the  air, 
soon  evaporates  and  leaves  the  pigment,  while  the  oil  which  is  inside, 
next  the  metal,  remains  there  permanently  because  of  the  protection 
afforded  by  the  outside  pigment.  In  order  to  protect  the  coating 
next  the  metal  more  thoroughly,  therefore,  a  second  coat  of  paint 
should  be  applied  as  soon  as  possible  after  the  first  one  is  dry. 

In  view  of  this  combined  action  of  the  oil  aud  the  pigment  it  fol- 
lows that  the  further  the  pigment  can  be  injected  or  carried  into  the 
pores  of  the  metal,  the  better  is  the  bond  between  the  paint  and  the 
metal;  and  if  the  pigment  itself  is  a  good  protector  its  efficiency  ia 
certainly  increased  rather  than  diminished  by  being  well  bonded. 
Owing  to  the  great  density  of  steel  or  iron,  this  action  is  very  slight, 
in  oomparision  with  the  absorptive  power  of  wood,  and  its  amount  de- 
pends upon  the  fineness  of  the  pigment,  as  well  as  upon  the  density 
of  the  metal.  This  is  one  reason  why  paints  differ  in  efficiency  as  pro* 
teotors  of  metal.  The  more  finely  ground  pigment  makes  the  better 
metal  paint,  other  things  being  equal,  and  such  a  pigment  is  conveyed 
better  by  a  thin  oil  than  by  any  other.  Then,  too,  the  quantity  of  oil 
in  the  mixture  is  an  important  point,  as  well  as  the  degree  of  com- 
pleteness with  which  the  oil  and  the  pigment  have  been  mixed  together. 
The  requirements,  therefore,  for  a  good  metal  paint  are  somewhat 
analogous  to  those  for  a  good  concrete.  As,  for  the  latter,  there  should 
be  just  enough  cement  to  fill  the  interstices  between  and  to  cover 
completely  each  particle  of  sand,  and  just  enough  of  the  mixture  to 
fill  the  interstices  in  the  stone;  so,  for  the  former,  the  pigment  should 
be  ground  fine  enough  to  enter  the  pores  of  the  metal,  the  oil  should 
be  of  correct  quantity,  so  that  it  is  thoroughly  filled  or  loaded  with 
the  pigment,  and  thin  enough  so  that  it  will  carry  the  pigment  into 
the  pores  of  the  metal.  It  seems,  then,  that  to  produce  the  ideal 
metal  paint  requires:  (1)  that  the  pigment  should  be  a  good  protector, 
(2)  that  the  pigment  should  be  very  finely  ground,  (3)  that  the  oil 
should  be  pure  and  very  thin,  (4)  that  there  should  be  just  enough 
and  not  too  much  oil  in  the  mixture,  (5)  that  the  two  should  be  com- 
pletely mixed  together. 

Furthermore,  to  obtain  the  best  results,  such  a  paint  must  be  ap- 
plied next  the  bare  metal  itself,  without  any  intermediate  coating  of 
oil  or  scales  of  rust,  either  of  which  obstructions  will  prevent  the 
pigment  from  reaching  the  pores  of  the  metal  The  writer  contends 
that  the  metal  should  be  absolutely  bright  and  clean  before  being 
painted.  The  fact,  referred  to  by  Mr.  Seaman,  that  the  first  coat  of 
paint  will  adhere  better  to  metal  with  a  dull  surface  than  to  metal 
with  a  bright  surface  is  because  the  dull  surface  possesses  the  greater 
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porosity  of  the  two  and  consequently  affords  a  better  opportunity  for  Mr.  Crehore. 

bonding  the  paint.     Experience,  however,  shows  that  to  check  rust 

which  has  once  begun  is  impossible,  but  that  it  keeps  on  increasing 

even  thongh  covered  with  a  good  paint.     In  view  of  this  fact  it  is  best 

to  have  the  metal  cleaned  by  sand-blast,  before  being  painted,  in  order 

to  insure  the  best  results,  with  any  paint. 

The  action  of  the  cement  in  a  concrete  covering  for  metal  work  is 
practically  the  same  as  that  of  a  good  paint.  The  cement  will  adhere 
better  to  the  metal  if  there  be  nothing  between  it  and  the  bare  surface 
of  the  metal;  and  the  concrete  forms  fully  as  good  protection,  under 
ordinary  conditions,  as  would  a  good  paint.  If,  however,  the  metal  is 
located  where  there  is  occasional  moisture,  ordinary  concrete  is  not  a 
sufficient  protection,  and  in  such  a  case  the  metal  should  be  painted 
before  being  set.  On  the  other  hand,  if  the  concrete  and  the  steel  are 
expected  to  act  together  to  resist  stress  in  combination,  a  coat  of 
paint  prevents  bonding  between  the  metal  and  the  concrete,  and  then 
it  should  not  be  used. 

That  we  have  not  sufficient  data  to  establish  indisputably  the  supe- 
riority of  those  paints  which  approach  more  nearly  than  others  to 
the  conditions  above  mentioned,  is  chiefly  because  this  subject  has 
never  been  handled  scientifically.  Most  of  our  observations  are  gen- 
eral, or  are  made  under  different  conditions,  and  nearly  all  the  avail- 
able data  have  been  compiled  by  men  who  were  biased  or  prejudiced 
by  a  personal  interest  in  one  or  another  party  to  the  competition. 
Comparisons  to  determine  the  relative  efficiencies  of  different  paints 
should  be  made  by  an  absolutely  disinterested  commission,  and  under 
sufficiently  varied  conditions  to  establish  superiority  in  one  or  another 
of  the  points  now  in  dispute;  such  points,  for  instance,  as  whether 
the  pigment  or  the  oil  is  the  more  important  element  in  the  durability 
and  efficiency  of  paint;  what  substances  make  good  pigments  and 
what  substances  are  absolutely  without  merit  as  pigments;  what  the 
comparative  effect  would  be  of  deleterious  chemical  fumes  on  the  pig- 
ments of  different  paints;  whether  a  given  paint  is  less  efficient  when 
put  on  with  a  spray  than  when  rubbed  in  with  a  brush,  etc.,  etc.  The 
report  of  such  a  commission  need  not  favor  any  one  paint  exclusively, 
but  it  should  define  thoroughly  the  principles  on  which  the  composi- 
tion of  a  good  paint  is  based,  and  it  could  divide  all  who  entered  the 
competition  into  classes  or  groups  graded  according  to  relative  merit 
in  certain  important  features  of  the  examination. 

The  writer  believes  that  several  of  the  manufacturers  of  paint 
would  not  only  enter  their  products  for  comparative  examination  and 
exhaustive  tests,  but  also  would  be  glad  to  share  the  necessary  ex- 
pense of  such  work,  provided  they  were  assured  of  the  absolute  fair-  • 
ness  and  impartiality  of  the  tribunal  and  its  ability  to  handle  the 
subject  in  a  spirit  of  practical  and  scientific  research.     A  Special 
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Mr.  Crehore.  Committee  appointed  by  this  Society  ought  to  carry  the  weight  neces- 
sary to  make  its  results  of  great  value,  and  to  induce  those  manufac- 
turers who  have  any  confidence  in  their  products  to  enter  the  race 
voluntarily.  Most  engineers  are  in  great  need  of  some  authoritative 
information  on  this  subject,  aside  from  the  variety  of  conflicting  data 
and  theories  gratuitously  furnished  by  paint  manufacturers,  and  can- 
not afford  either  the  time  or  expense  to  investigate  it  individually. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Not*.— Memoirs  will  be  rep  rod  ace  i  in  the  Volumes  of  Transactions.  Any  informa- 
tion which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 


ROBERT  BLUM  OLNEY,*  Assoc  M.  Am.  Soc.  C.  E. 


Died  Mabch  4th,  1903. 


Robert  Blum  Olney  was  born  on  September  20th,  1870,  at  Charles- 
ton, South  Carolina.  He  was  the  son  of  Clarence  C.  and  Louisa  C. 
Olney,  of  Charleston. 

From  January  to  August,  1888,  he  was  employed  in  the  office  of 
the  Chief  Engineer  for  the  Savannah,  Florida  and  Western  Railroad 
(Plant  System),  and  from  September,  1888,  to  Jane,  1892,  he  attended 
Lehigh  University,  from  which  he  was  graduated  as  a  Civil  Engineer 
in  June,  1892.  At  college  he  was  painstaking,  and  always  reliable 
and  trustworthy  in  his  work,  and  his  scholarship  was  excellent.  Pro- 
fessor Merriman  states:  "  His  thesis  was  entitled,  '  Plans  and  Specifi- 
cations for  a  Locomotive  Round  House,'  I  find  the  drawings  made 
with  great  neatness  and  the  subject  well  treated  throughout. " 

After  graduation  he  was  engaged  on  the  Ohio  Extension  of  the 
Norfolk  and  Western  Railroad,  in  work  varying  from  reconnaissance 
to  final  estimate,  locating,  re- tracing  and  revising  lines,  construction 
and  track  laying.  In  1898  he  was  employed  making  surveys  in  the 
Powhattan  mines  of  the  Pocahontas  coal  field.  From  January,  1894, 
to  January,  1898,  he  held  the  position  of  Assistant  City  Engineer  of 
Charleston,  South  Carolina..  His  work  consisted  of  general  munici- 
pal engineering  and  public  improvements,  pavements,  drainage,  etc., 
and  the  reconstruction  of  the  sea  wall  at  the  Battery.  He  was  also 
Principal  Assistant  Engineer  on  the  construction  of  the  separate 
system  of  sewers— the  sewage  being  lifted  by  Shone  ejectors.  From 
May,  1895,  to  May  31st,  1901,  he  was  Engineer  and  Superintendent  in 
charge  of  the  sewers,  power-house  and  other  details  connected  with 
the  sewer  plant. 

In  June,  1901,  by  leave  of  the  Mayor  of  Charleston,  at  the  request 
of  The  American  Pipe  Manufacturing  Company,  he  resigned  his  posi- 
tion in  charge  of  the  Charleston  sewerage  works  and  accepted  a  posi- 
tion with  the  latter  company.  In  that  capacity,  he  made  topographic 
and  hydrographic  surveys  for  the  location  of  a  projected  new  water 
supply  on  Goose  Creek  at  Charleston,  South  Carolina.  During  the 
summer  he  was  engaged  on  the  plans  for  the  new  Charleston  Water- 
Works,  and  in  the  fall  of  1901  he  made  extensive  topographic  sur- 
*  Memoir  prepared  by  J.  W.  Ledoux,  M.  Am.  Boo.  C.  £. 
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veys  in  Westchester  County,  New  York,  connected  with  water- works 
systems  controlled  by  The  American  Pipe  Manufacturing  Company. 
In  the  spring  of  1902  he  was  placed  in  charge  of  construction  of  the 
separate  system  of  sewerage  and  the  disposal  plant  for  Burlington, 
New  Jersey,  the  contractors  being  The  National  Gas  and  Construction 
Company,  allied  to  the  American  Pipe  Manufacturing  Company,  the 
sub-contractor  being  George  Pfeiffer,  Jr.,  of  Camden,  New  Jersey. 

After  the  completion  of  this  work  he  was  placed  in  charge  of  the 
construction  of  Charleston's  new  water  supply  from  Goose  Creek,  but, 
on  account  of  his  failing  health,  remained  there  but  a  short  time.  He 
then  left  for  the  Southwest,  intending  to  locate  in  a  favorable  climate 
in  New  Mexico  or  Arizona,  but  stopped  at  San  Antonio,  Texas,  where 
he  died  on  March  4th,  1903.  It  is  stated  that  he  was  walking  on  the 
streets,  apparently  in  fair  health,  on  the  day  of  his  death.  His 
remains  were  brought  from  San  Antonio  to  Charleston,  South  Caro- 
lina, his  home,  and  placed  in  the  family  plot  in  the  beautiful  Magnolia 
Cemetery. 

Mr.  Olney  was  especially  capable  in  his  professional  work.  He 
was  a  man  of  high  integrity,  and  had  the  respect  of  all  who  knew 
him.  The  first  intimation  of  his  failing  health  occurred  in  the  winter 
of  1901-1902  when  a  New  York  physician,  whom  he  consulted  in  refer- 
ence to  some  slight  ailment,  told  him  that  he  had  symptoms  of 
tuberculosis.  This  appeared  to  prey  on  his  mind,  although,  even  up 
to  the  last,  his  health  gave  no  evidence  of  breaking  down. 

Mr.  Olney  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  January  3d,  1895 ;  and  an  Associate  Member  on  Sep- 
tember 5th,  1900. 

WATSON  WELLMAN  RICH,*  M.  Am.  Soc.  C.  K. 


Died  Januabt  12th,  1903. 


Watson  Wellman  Rich  was  born  at  Dayton,  New  York,  on  March 
9th,  1841. 

During  the  past  generation  he  was  the  best  known  civil  engineer  in 
the  Northwest.  He  spent  the  major  portion  of  his  professional  life  in 
the  country  between  the  Great  Lakes  and  the  Dakota  Plains,  of  which 
the  twin  cities  of  St.  Paul  and  Minneapolis  form  the  commercial  center. 
He  was  prominent  during  the  three  most  teeming  decades  of  the  mar- 
velous growth  and  development  of  this  Northwest,  through  his  con- 
nection with  three  of  its  railroads.  He  had  direct  and  responsible 
charge  of  the  construction  of  some  two  thousand  miles  of  railroad  over 
that  portion  of  our  country. 

*  Memoir  prepared  by  Samuel  B.  Fisher,  Esq. 
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Going  to  the  northwest  portion  of  Wisconsin  shortly  after  the  Civil 
War,  from  which  he  was  discharged  as  Captain  of  Volunteers  (having 
refused  the  command  of  a  colored  regiment  because  he  deemed  it  in- 
consistent with  the  high  sonse  of  honor  held  in  choice  army  circles  to 
enter  that  branch  of  the  service),  with  previous  liberal  education,  after 
having  spent  about  two  years  in  the  service  of  various  railroads  and 
of  the  United  States  Engineer  Department  as  Assistant  Engineer,  he 
became  identified  with  the  Wisconsin  Central  Railroad  in  July,  1870. 
During  the  next  eight  years  he  was  busily  engaged  in  constructing 
and  operating  this  railroad,  through  the  then  almost  unbroken  forests, 
over  the  deep  ravines  and  steep  slopes  of  that  difficult  country,  the 
south  water-shed  of  Lake  Superior,  and  often  in  half  conflict  with  its 
then  rough  inhabitants. 

From  1879  to  1883  he  was  Chief  Engineer  of  the  Minneapolis  and 
St.  Louis  Railway,  building  five  or  six  hundred  miles  of  road  in  Min- 
nesota and  Iowa. 

All  his  life  he  was  consulted  about,  and  frequently  examined  and 
reported  on,  enterprises.  In  this  respect  he  occupied  the  highest 
position  in  the  Northwest. 

From  1883  to  1890  he  was  building  the  principal  monument  of  his 
career  in  the  construction  of  theSoo  Line,  extending  from  Minneapolis 
eastward,  entirely  across  the  timbered  States  of  Wisconsin  and  Michi- 
gan to  Sault  Ste.  Marie,  and  westward  almost  as  far  as  the  Dakota 
Plains.  After  building  the  Soo  Line  his  health  was  not  very  good,  for 
a  couple  of  years,  although  he  did  a  considerable  amount  of  miscella- 
neous work.  In  1892  he  resumed  construction  on  the  Soo  Line,  putting 
through  its  Northwest  extension  to  the  International  Boundary. 

Mr.  Rich  was  most  expert  and  proficient  in  the  use  of  wood  in 
structures,  especially  in  bridges.  His  designs  and  plans  for  Howe 
trusses  were  perhaps  the  best  that  have  ever  been  used. 

In  1897,  ripe  in  age,  rich  in  engineering  experience,  strong  in  char- 
acter, he  went  to  China.  He  went  first  with  ex-Senator  Washburn  to 
examine  the  route  of  the  proposed  Hankow  Railroad  for  the  Brice 
syndicate.  Arriving  in  China,  the  Government  would  not  even  let 
him  look  at  it.  After  some  time,  however,  the  Government  called  for 
him  and  delegated  him  to  examine  the  line,  not  for  the  syndicate,  but 
for  the  Government.  On  this  trip  he  was  accompanied  by  about  a 
regiment  of  men,  proclamations  were  sent  in  advance,  calls  were  made 
on  the  Viceroys,  etc.  There  was  great  difficulty  in  infusing  into  the 
lethargic  heels  of  this  superfluous  multitude  an  acceleration  of  move- 
ment proportional  to  a  reconnoissance  of  six  hundred  miles  of  line 
within  a  specified  time.  Early  in  the  progress  of  this  reconnoissance 
he  gave  the  leader  and  officer  in  charge  of  these  auxiliary  forces  a  very 
practical  object  lesson,  as  shown  by  the  following  incident  related  by 
Mmself :  Proclamations  had  been  sent  ahead  to  hold  a  feast  at  a  certain 


1 


580  MEMOIR  OF  WATSON  WELLMAN*  RICH.  [Memoirs. 

important  town,  which  would  have  required  going  into  camp  about 
2  p.  m.  Mr.  Kich,  deeming  this  incompatible  with  finishing  the  reeon- 
noissance  within  the  time  agreed  on  with  the  Government, pushed 
on  with  his  work,  going  into  camp  miles  in  advance.  As  the  con- 
voy had  orders  to  let  no  harm  befall  him,  they  feared  the  conse- 
quences of  disobedience,  and  came  straggling  into  camp  at  all  hours 
during  the  night.  There  was  no  farther  serious  difficulty  about 
delays,  and  this  reconnoissance  of  six  hundred  miles,  on  the  route 
which  will  in  all  probability  be  the  principal  trunk  line  of  China,  was 
completed  on  time.  After  having  his  report  translated  into  Chinese  he 
returned  to  America,  only  to  go  back  again  in  a  few  months  as  Con- 
sulting Engineer  for  the  Chinese  Government,  his  field  being  the  south- 
ern  part  of  the  great  Chinese  Empire.  He  soon  buckled  into  work,  and 
was  engaged  in  building  a  coal  road  a  thousand  miles  in  the  interior, 
with  the  use  of  Chinese  labor  and  facilities,  among  which  was  making 
embankments  with  material  carried  in  baskets  on  the  backs  of  natives, 
when  the  Boxer  uprising  stopped  the  work. 

Actual  operations  b9gan  again  soon  after  the  Boxers  were  sup- 
pressed, Mr.  Rich's  engineers  being  among  the  first  to  return  to 
work.  Although  he  did  not  again  g6  to  the  far  interior,  because  His 
Excellency  Sheng  required  his  presence  and  services  in  Shanghai,  the 
interior  coal  road  is  n earing  completion,  having  been  continued  in 
charge  of  S.  L.  McCalla,  immediately  under  Mr.  Rich's  directions. 

Since  July,  1902,  Mr.  Rich  was  a  moving  spirit  in  that  American 
enterprise,  the  Hankow-Canton  Railway.  In  December,  1902,  he  was 
appointed  Chief  Engineer  of  Construction,  of  that  company.  En- 
grossed in  these  large  affairs,  he  spent  his  vital  energies  in  the  midst 
of  the  novel  problems  connected  with  it,  and  although  sustained  to 
the  last  by  his  strong  will,  he  died  on  January  13th,  1903,  in  Shanghai, 
which  was  then  his  home. 

During  his  intercourse  with  the  ruling  and  merchant  classes  of  the 
Chinese  he  formed  a  very  great  admiration  for  the  integrity  and  other 
sterling  qualities  shown  in  their  character,  as  well  as  a  distrust  of  the 
tricky  Japanese.  In  a  marked  degree,  the  Chinese  gentlemen  who 
knew  him  confided  in  him  and  expressed  profound  sorrow  at  his 
leaving  this  sphere  of  existence.  Had  he  lived  and  remained  in  the 
Orient  he  would  have  been  a  strong  force  in  remoulding,  or  at  least 
modifying,  the  Chinese  character,  and  conforming  its  enterprises,  to 
as  great  an  extent  as  that  would  have  been  possible,  to  lines  of  mod- 
ern thought  and  action. 

He  was  a  most  masterful  man.  "His  backbone — as  he  himself 
expressed  it  one  day — came  up  into  his  hat."  His  friends  all  know 
that  his  heart  was  bigger  than  his  backbone.  He  was  every  inch  a 
gentleman.  Like  all  strong  characters,  he  was  forceful  in  his  dislikes 
and  in  his  few  enmities,  as  well  as  in  his  friendships.     With  his  ever 
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welling- tip  sense  of  humor  and  his  genial  disposition,  be  was  the  most 
delightful  of  companions. 

Connected  all  his  life  with  projects  for  the  development  of  the 
country,  in  which  large  fortunes  were  made,  he  never  tried  to  reap 
personal  enrichment  from  them,  but  devoted  all  his  time  and  energy 
to  the  interests  of  his  employers.  He  died  a  man  of  small  financial 
means,  but  rich  in  good  will  toward  his  fellows.  He  was  never  known 
to  be  envious,  bat  always  expressed  the  most  unfeigned  satisfaction  at 
the  success  of  his  friends.  His  assistants  and  subordinates  who  were 
brought  into  close  contact  with  his  personality  imbibed  and  ever 
after  maintained  feelings  of  trust  and  loyalty  toward  him.  His  good 
.  disposition  toward  others  was  contagious.  All  over  the  country  are 
men,  formerly  associated  with  him,  who  bear  in  their  hearts  the  salt 
of  good  intentions,  infused  into  them  from  his  ingenuous  nature. 
Dominating  all  his  other  qualities,  was  a  regal  and  ever-present  sense 
of  honor. 

He  was  first  a  well-rounded  man,  in  possession  of  all  his  faculties, 
and  afterward  a  civil  engineer.  He  might  have  followed  almost  any 
other  avocation  successfully  had  he  devoted  his  capacity  to  it.  While 
his  work  in  America  was,  in  a  sense,  completed,  his  departure  leaves 
a  void  in  the  circles  of  his  friends  and  engineering  associates  which 
can  never  be  filled.  It  may  be  truthfully  said  of  him,  as  it  was  said 
of  one  of  old:  "Enow  ye  not  that  there  is  a  prince  and  a  great  man 
fallen  this  day  in  Israel. " 

Mr.  Rich  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  September  5th,  1883. 


